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PREFACE. 


JN presenting this, our second joint work to the public, 

«lve desire to record our hearty appreciation. of the 
favourable reception and support accorded our first 
volume on the Mechanism of Jute and Linen Weaving. 

t 

In our positions, first as practical men and then as 
teacher^, we have long felt the need of a comprehensive 
treatise on the mathematical side of the subject; and, 
in our endeavour to supply this want, we have, naturally, 
introduced matter which is of general interest to all 
engaged in the textile industries. The individual 
examples in yarn aiM cloth calculations certainly apply 
more directly to jute and linen goods than to those 
composed of the other fibres; bat the chapter on the 
theory of the structure of fabrics, in which we claim 
a certain amount of originality, should be of special 
interest to every textile student and expert. 

A TC'isonable amount of care has been bestowed on 
the examples, still it is quite possible that some errors 
may have crept in; if any such are noticed, we should 
be pleased to have our attention drawn to the fact. 

We trust that this little volume may be received as 
favourably as its predecessor. ' 


May, 1906. 


T. WOODHOUSE. 
T. MILNE. 




CONTENTS. 


CHAPTER I. PAGES. 

■ 

YAkN Counts . 1—19^ 

CHAPTER II. 

Twisted Threads : Resultant Count and 

Cost ... 20—32 

CHAPTER III. 

War1» and Weft Setts and Portei^. 33—48 

CHAPTER IV. 

Warping Calculations . 49—69 

CHAPTER V. 

Warp and Weft Calculations . 70—77 

CHAPTER VI. 

Calculations for J ute Fabrics. 78 — 86 

CHAPTER VII. 

Calculations for Linen Fabrics. 87—105 

. . CHAPTER VIII. 

The Prime Cost of Fabrics. 106 — 119 

I, . CHAPTER IX. 

Tni Analysis of Fabrics. 120—149 

CHAPTEJi X. 

Yapn Diameters and Their Structural 

Values . 150—164 

CHAPTER XI. 

The Structure OF Fabrics. 165 — 201 














RULES. 


C PAGE 

Rule I.—^Resultant count of jute yam when two 

or more threads are twisted together.. 21 

Rule II. —Resultant count of cotton, linen, woollen, 
worsted, or silk yarn when two or 
more threads of the same count are 
twisted together... 21 

Rule III.—Resultant count of cotton, !^nen, 
woollen, worsted, or silk yarn when 
any number of threads of different 
counts are twisted together. 23 

Rule IV.—Resultant count of cotton, ^ linen, 
woollen, worsted, or silk yarn when 
two threads of different counts are 

twisted together . *. ^4 

Rule V.—^The count of yarn, which when twisted 
with %.nother given count of yarn, 
will give a required count. 26 

Rule VI.—The price per pound of cotton, ,line^, ^ 

woollen, worsted, or silk yarns when 
any number of threads are twisted 
together . 

Rule VII.—^The price per pound of cotton, linen, 
woollen, worsted, or silk yams when 

two threads are twisted together ..A 29 

• 

Rule VIII.—^The weight of individual yams in a 

compound thread. i31 

Rule IX.—^The splits per inch in any Sett, System^ 3o 

Rule X.—^The splits per inch in any Set^ S5^tenbB. • 35^ 

Rule XI.—The splits per given width, S 5 ^tem 36 

Rule XII.—^The splits per given width, System B 36 









PAGE 

.Rule XIII.—Conversion of splits per inch to Sett 


of reed, System A... 37 

Rulf XI/.—Conversion of splits per inch to Sett 

of reed, S57stem B. 37 

Rule XV.—^The Sett of reed from cloth. System A 46 

Rule XVI.—^The Sett of reed from cloth, System B 47 

Rule XVII. —^The weight of jute warps.53 

Rule XVIII.— ^The weight of linen warps . 60 

Rule XIX.— ^The amount of bundles in linen 

warps . 60 

Rule XX.—^The weights of jute and flax warps, 

in pounds. 70 

Rule XXL—^The lengths of jute ahd flax warps, 

in pounds. 71 

Rule XXII.— ^The counts of jute and flax warps, 

in pounds. 71 

Rule XXIII.—The weight of warp (cotton, linen, 

woollen, worsted, or silk). 73 

Rule XXIV.—^The counts of warp (cotton, linen, 

woollen, worsted, or silk). 73 

Rule XXV.— ^The length of warp (cotton, linen, 

woollen, worsted, or silk). 73 

Rule XXVI.—^The length of weft, in yards. 76 















CHAPTER I. 
Yarn Counts. 


'TX) facilitate all calculations in connection with the 
A composition of fabrics it is essential to have some 
recognised method of expressing in a simple manner the 
sizes or weights of the different yarfis in use. This 
invariably%onsists in using the ordinary numerals either 
to express in multiples of some definite measure the length 
o^such yam contained in a st^mdard or fixed weight, or 
to express the weight, in multiples of a fixed unit, of a 
certain length of the yarn. In either case the figure or 
figures applicable in any particular example are termed 
indifferently the “count,” the “ number,” the “ grist,” 
or the “ size ” of that particular yam. 


• Of the two methods the former is by far the more 
^dely adopted, since it is applied to linen, cotton, 
woollen, worsted, and spun silk yarns, whereas the 
lattet’—which is in many respects the simpler and more 
rational of the two—^is practically confined to jute and 
yams. In the former S 3 ^t^ it is obvious that 
the number or count of the yam must increase as the 
th&kness of 'th^i yam itself decreases, since a decrease 
in' the cross section or weight of the yam must mean 
th^ an increase of length, or of multiples of the under- 
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stood measure of length, will be required* to balance 
the fixed weight.? This inverse method usually forms 
a difficulty for the beginner, who naturally expects 
to find that as the yarn increases in weighs its count 
will increase likewise. It also forms a greater difficulty 
when the question of twisted counts is considered.' 

Further complication arises when it is understood 
that although the same system of yarn counts is adopted 
in principle for cotton, linen, spun silk, woollen, and 
worsted yarns, yet in each of these industries—^with 
the exception of cotton and silk, which addpt the same 
basis—a different unit of length is used, . termed 
variously a “ hank,” “ lea,” or “ skein.” Ra^ silk 
yarns are treated in both manners, sometimes by stating 
the length in a fixed weight, and at others by indicating 
the weight of a fixed length. In the majority of cases, 
where the weight is fixed the pound avoirdppois or 
the British unit of weight is chosen; but in others the 
ounce, the dram, and the grain, as well as such weights 
as 24oz., 26oz., 61bs., and 241bs. are in use. 

When the difficulties involved by the use of the above . 
diverse methods of counting are considered, it is' not 
surprising to find that many suggestions have l^n 
made with a view to obtaining some iiniform mfetliod of 
counting all yams, and we see no reason why some such 
method should not be established for each particalar 
industry, or even for a group of industries. The for¬ 
mation of any system intended to embrace the whole. 
range of yarns is, however, scarcely practicable, f^r a 
dose examination of the existing condit^ns will^hcrv 
that any such fchange would involve many difficulties. 
Any system which has for its object the simpMcatlcii 
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of calculation is worthy of consideration, but to 
be of practical valu^ such a systfim should be 
capable*of expressing, between unity and three figures, 
the counts of all yams in common use. To express 
^ a coimt in a fractional or a decimal number would 
undoulJtedly lead to confusion, while high numbers— 
unless in multiples of 10 —^would be troublesome. 

In this respect the present systems of counting, 
despite their many shortcomings, are unique, for in 
many cases one figure, and in the majority of cases 
two figures, is sufficient to express the counts of the 
yams in "general use. Were a uniform sjTstem to be 
adopted in the United Kingdom, it is obvious that the 
* most Tatioi^ method would be one whose unit of length 
was 1 , 10 , 100 , or 1,000 yds. The latter length has 
^already been suggested as the unit, with lib. avoir- 
dufwis as fhe unit of weight, "and the number of such 
units of length in the above lib. weight to represent 
the count of the yarn. At first sight this appears to be 
a reasonable suggestion, but when applied to jute yams 
ft is feund to be most unsuitable. Many of the heaviest 
yams used in weaving are spun from the jute fibre, and 
tfte raqg^ of counts extends from 2’s to 400’s— i.e., 
between 21bs. and 4001bs. per spyndle of 14,400 yds. 
Applying the above suggested uniform count, the 21 b. 

yamVould be ^ count for the 

^est yam of this class ; while the 4 oolb. yam would be 


11^,400 yds. _ 9 

(bs.*x 1,000 jrds. 25 c 


count for the coarsest j^am- 


results lyhich are evidently absurd. It is true that by 
changing the length of the spyndle a more reasa)nable 
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result would be obtained, but in any case 1^000 yds. 
as unit would be'^quite unsuitable" for this fibre. 

4 

Other systems suggested, such as yards per dram 
or yards per ounce, while suitable for ce^ain yams, 
would be found equally unsuitable when applied to 
yams of other fibres. Neither must it be overlooked 
that any change of this kind would not simply be a 
variation of the calculations used in spinning' and 
weaving, but that in many cases it would affect machinery 
as well. The “ reel ” of reeled yam wouH also require 
to adapt itself to the new conditions were the change 
to be ideal. 

Woollen and r^w silk yams are practically the only 
two classes for which different methods of counting 
are adopted in different districts; and were these 
districts to adopt a uniform system for their particular 
kind of yarn, we think th^re would then be IKtle caus^ 
for complaint. While two systems of counting are in 
use for yams spun from the flax fibre, they are both 
general in the districts where such yams are in uge, and 
serve to suitably distinguish between those yams v^hich 
have been spun dry and those which have been spun 
wet. . «, 

4 it 

We are of opinion that, were it possible to Overcome 
the difficulties of machinery, a rearrangeifent of the 
systems of counting yams would ultimately be beneficial. 
At the same time we believe that it is practically im¬ 
possible to obtain a satisfactory result by one single 
change. We therefore suggest that while for the finer 
classes of ^ yams the above-mentioned d,000 yds. ufiit 
might form a suitable length, the unit for the ooaj^er 
yams fliust of necessity be much shorter; a 100 y^. 
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unit, ancj in *some cases a 10 yds. unit, would be much 
more practical. The above remarks rei^ to the method 
based 6n a varying length and a fixed weight. A still 
better method would, in our opinion, be to adopt some 
such decimal system having a fixed length, and a weight 
which*increased in proportion to the sectional area of 
the yam, such as drams per 100 yds. for jute and fl^ 
yams* and drams per 1,000 yds. for cotton, linen, 
silk, woollen, and worsted. 

j 

Jute Yarns .—These yarns may be received in one or 
other of fhe following conditions :— 

1. Wound on to large warper’s or ^resser’s bobbins, 

• or into rolls or cheeses for the dressing bank. 

I_j2. In chains or warps. 

, J3. In cops. 

_* t 

4. Reeled and bundled in hank form. 

' . ^ ' 

Tn every case the count of the *yam' is determined 
by the •weight in pounds avoirdupois of a spyndle of 
44,400 yds. Thus, if a spyndle weighs 7lbs., the 
yam is termed 71b. yam, or 7’s simply, and so on. 
M the^^im is reeled, it is treated according to the 
following table, which is also used for dry-spun ^ax 
yams' 

yAin Table for Jute and Dry-Spun Flax and 
• Tow Yarni. 

*90in. OT the circumference of reel s 1 thread = 2ilyds. | 

12(^threads...... =4 cut orlea = 300 „ | 

• . 2 cuts.. =1 heer = 600 „ I 

61)fer)i.. = thank = 3,600 .. | 

4 hanks . = 1 spyndle = 14,^ 
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Yams of the finer sizes may be sold either by the 
spyndle or by th5 pound, while heavy yarns are generally 
quoted per pound, and in many extra heavy siies per 
ton weight, e.g. :—r 

71b. warp in bundle.at Is. 4|d, per spyndle. 

81b. cops.at Is. 4|d. „ ^ 

91b. warp in chains .at 2|d. per pound. 

401b. common weft.at IJd. ,, c 

2001b. rove in chain.at £9. 10s. per ton. 


Dry-spun flax and tow yams are for various reasons 
almost invariably reeled, and are made up on the basis 
of the above table, and, like jute yams, the size or 
count is indicated by the weight in pounds of a spyndle 
of 14,400 yds— e.g., if a spyndle weighs 2 Jibs., it is tejmed 
2Jlbs. yam, or 2J’s simply, and so on. Suefi yams are 
invariably sold by the sp5mdle, as for example:— 

2Jlb. flax warp . *... at Is. O^d. per spindle. * 

41b. tow weft .at Is. lOd. ,, 

Wet-spun flax, or lea yarns, as they are generally 
termed, are usually reeled, but are made up and sold 
on a different basis from those of the dry-spun classy— ® 


Table for Wet-spun Flax or Lea Yarns. 


• • 


c 

90in. or the circumference of reel = i thread.... = 2iyd^ 

120 threads.= 1 lea .= 300 

12 leas.= lhank,Scotch 

or Irish.. ~ ” 


10 leas.= lhankEnglish= 3,000 

- C 

16| Scotch or Irish hanks .... ) _ 200 leas or 1 _ 

20 EngUsh hanks . j ~ bundle .. “ w.wu .. c 

% 

The county of the above yams is de|ermined*by«the^ 
nuuiber of leas of 300 yds. each which weigh 11b. ^Thus, if 
25 leaa weigh llb„ the yarn is termed 25’s, and simitarly 
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for all 9the^. Lea yarns, whether line or tow, are 
invariably sold per bundle of 60,000 yds. Thus :— 

32-lea line warp. at 6 s. per bundle. 

60-lea line weft. at 4s. 6 d. 

26-lea tow weft. at 5s. 9d. 


Cotton yams may be taken as being supplied in four 
general forms:— 

1. Reeled and made up in bundles of 51bs. or lOlbs. 

each. 

2. In chains or in warps on beam. 

3. In cops. 

4. In ibUs or cheeses. 

When reeled, the following table is observed :— 


Table for Cotton Yarns. 


64in. or the circumference of reel = 1 thread ....: 

on 1 wrap or) . 

80 threads.,.^ - ^ap or leaf 

7 * raps. =1 hank.: 

18 hanks.= 1 spysdle....: 


liyds. 
120 .. 


840 

15.120 


The count of cotton yam is determined by the number 
of hanks of 840 yds. each which weigh lib. Thus, if 

' V 

18 hanks weigh lib., the yam is termed 18*s. Cotton 
yarn is invariably sold by the pound—^undoubtedly the 
most rational method of sale. 


Testing Yarns for Correct Counts —In performing 
this function, it must be understood that the nominal 
or stated count of any yam indicates its count in the 
original or spun condition, and not after the yam may 
have been subjected to any pmcesses of bleaching, 
^dyeuig, &c. If the yam be receiwd in the grey or spun 
condition, and in the form of hanks, probably the simplest 
method of testing the count of jute or of flax yarns is 
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to count off a spjoidle and weigh it. But in msipy cases 
such a quantity is not available, and in sqch circum^ 
stances a simple method is to take three iputs, *or the 
sixteenth part of a spyndle, and find the weight ©f this 
quantity in ounces. This weight in ounces will repre¬ 
sent the weight of a sp5mdle in pounds, since the 
quantity weighed and loz. are each a sixteenth part of 
their respective units. If three cuts weigh SJozs., 
the weight of one spyndle will be :— > 

8iozs. X 48 cuts per spyndle 

3^ts X 160 ZS. per pound - Silbs. per spyndle. 

By taking three cuts calculation is saved; but clearly 

any other quantity may be weighed, and the* count 

or pounds per spyndle found by a similar calculation. 

For instance, if two heers of flax yarn (it is generally 

leased in heers of 240 threads each) weigh 3}ozs., the 

count will be:— '' * « . 

Siozs. X 24 heers per spyndle « „n 
^efslcTto^rpr^und- = 2Albs. per spyndle. 


In treating the yarn in this manner it is presumed that 
the yarn is correctly reeled—t.e., that each cut o^heef 
contains its correct number of threads. This is not 
always the case, for sometimes the yam is^spun too 
heavy, and in order that the aggregate weight may bfe 
correct, the total length is reduced to some extent. 
This is usually obtained by having fewer tlureacjs per 
cut than the standard number 120. To check this it is 
necessary to count the threads in several cuts and imc).. 
the average number. Let us assume that on cotinting 
six cuts of st nominal 81b. yam we obtained the fdllo^fingt 
results : 118, 114, 121, 113, 116, and 120. Thoa^prage 
of the^ei is:— * 
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118+ U4 +121+ 113+ 116+ 120 ^ 

-g--= 117 threads; and the 

true count of the yam (assuming ^t^at'the six cuts 

weighed exactly lib.) will be :— 

4U) > (,14.400 yds, per spyncjle ' d,. 

XUTlhreiasxlJy^ *’spynaie. 

The same result may be obtained by the direct 
method. Thus:— 

81bS. X120 threads . „ 

"117 threads “ P®'’ 


Suppose, however, that the 6 cuts weighed 17ozs., 
then the true counts would be :— 


17ozs. X 14,400 yds. _8*721bs. per 

IGozs.perlo. x 6cuts x 117threads x 2iyds. “ . .spjmdle ; 

or direct, 


8lbs. X 120 threads x 17ozs . 
117 threads x 16ozs. 


= 8-72lbs. per spy^le. 


This would mean that the yam was : 
(8-72lbs.-81bs.)xl00 


81bs. 


= 9 per cent, over weight. 


Where yarns are received in chains, in cops, or on 
spools or rolls, a slight variatiojrof method is necessary. 
If in chain the following particulars are usually given :— 

ti 

1. The splits, two threads being termed a split, 
except in double warps^ when there are four 
tltreads. 


2. ’ The length of chain in yards, or in ells of 37in. 

i 

3. The size or count.of the yam. 

, .4,. The weight. 
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jThes6 usually take the undernoted form :— r 



Chains Splits Ells Yards 


, 540 91b. 

195 360 — 81b. D. w. 


w 

C^t. Qf. Lbs. 


a, 

1 20 


To find whether the above yarns are correct count 
it is necessary to divide the total weight in pounds by 
the quantity of yarn in spyndles, in order to find the 
weight per spyndle. Thus :— 

Weight in pounds , ,, 

Quantity in spyndles = Pounds per spyndle. 

In the first example of the above form of pauticulars:— 

The weight = [(3 x 112) + 20] lbs. = 356lbs. 

The quantity = , ^ 

chains ^splits x tlureads per split x yard s _ 

spyr^^le unit ~ -spyn es 

“-IMOO-=38-4 spyndles. 

Weight in pounds 356 ’ ' 

••• Quantity in ' spyndles = 

In the second case, which is double warp, as^indicatefl 
by the letters D.W. immediately after the size of the 
yarn;— 

The weight = 112 + 28 + 20 = 1601bs. e 

The quantity = r 

-^i5.i6^iii:^P5^d-=20-04 spyndles. 

leoibs. ,.. ,, • 

•■•20«4^5aidlei = ^'2®’ practicaUy 81bs. per spyndle. 

TheSlbove methods permit of considerable contraction^ 
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but we shall refer to these more fully under warp cal¬ 
culations. „ ’ 

When the yarn is received in cop, or in any un¬ 
measured condition, it is necessary to measure off a 
certain quantity by a small hand reel or by a patent 
reel for the purpose, to weigh accurately (in grains— 
7,000 per pound, if need be), and then calculate the 
weight per spyndle in pounds. Several tests from 
different spools or cops should be made, and the average 
taken to insure satisfactory results. 

Suppose 120 yds. weigh 935 grains, the jute count, 
or the weight of the yarn per spyndle, will be :— 

120 yds. X 7,000 grains per pound “ 1® OSlbs.perspyndle. 

The explanation of the above formula is as follows : 
The weight (935) is first divided by the length taken 
in order to obtain the weight of 1 yd.; the quotient is 
multiplied by the spyndle unit, and this product is 
divided by the grains per pound,* the final quotient 
giving the pounds per spyndle (16"03), as above. 

L Flax yams are subject to the same rules as jute yarns, 
with the addition that it is often necessary to consider 
*^hat the yam has undergone some bleaching or a de¬ 
colouring process, and that in such treatment it will 
have lost some of its original or spun weight. The 
proportion or percentage of loss varies very considerably 
with the quality of the yarn and with the extent to which 
the bleaching process hsis been carried. The actual 
loss ^an be determined by weighing the yam before 
^anu after the bleaching process, and the percentage 
loss for any particular quality is found by calculation 
based on the facts thus obtained. Each manufacturer 
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should have such a table, applicable to His particular 

classes of yam, (Compiled for his guidance. 

The following table indicates several of the piV)cesses 
or stages through which flax and lea yarns are taken; 
it also shows an approximate loss per cent, for each :— 

Boiled. 4 to 8percent. 

Twice Boiled. 7 to 10 

Creamed. 8 to 12 „ 

Half Bleached . 10 to 15 „ 

Full Bleached . 12 to 25 „ 

In addition to the above common terms, many dis¬ 
tricts indicate intermediate stages by such terms as 
“duck,” “changed,” “quarter-white,” and* “three- 
quarter white.” » 

Boiling the yarn in soda lye cleans and sqftens 
it (the same result is often obtained michanically 
by fluted rollers), thus making it more workable in 
the weaving process. Boiling removes a considerakle 
quantity of gummy substances from the yam, and dis¬ 
poses of much dirt^and woody matter adhering to the 
fibre at the end of the spinning process. It also^decom- 
poses the insoluble pectic acid and changes it^ into 
metapectic acid, which unites with the alkalies and forms 
a soluble compoimd. The action of bleaching proceedr 

ti r 

slowly if much pectic acid remains, besides having a 
tendency to tender the fibre. Fine yams intended to 
be bleached in the cloth condition are usually boiled. 
Creaming, in which the yarn is partly decolourised by 
the aid of bleaching powder, is resorted to for some^ 
fabrics which are to be sold in that condition, and in 
some cases for damasks which requiri^ to be <furtiier ^ 
bleached. TMs latter procedure is pronounped -by 
bleaching authorities to be illogical, since creamed y&m 
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is more difficult to decolourise (probably due to unremoved 
pectic acid) and more^easily tendered by the further 
bleachihg processes than yam which is in the grey 
condition. Bleaching, or varying degrees of white¬ 
ness, is only resorted to for those yams which require 
little or no bleaching in the cloth condition, weft yam 
being often further treated than the warp yam for the 
same fabric. 


G)tton yarns are also regularly bleached, but, due 
to the difference in the chemical composition, as well 
as to the phjTsical structure of the fibre, the loss in the 
bleaching of cotton is often only one quarter that of the 
loss in flax yams. Jute yarns are generally woven in 
their natural colour, although some quantities are 
bleached and dyed. 

Once the percentage of loss has been determined, 
the further calculation to find the count of the yarn 
is simple. If, for example, a hank^of flax yam which 
has lost 15 percent, in bleaching weighs 8Joz., its original 
count must have been :— 


Bloz. : 4 hanks per spynd le x 10 0 per cent. 
lOoz. per pound x 85 per cent. 


=2*431bs. per spyndle. 


Lea or wet-spun yam requires a different method of 
calculation, as in this case the count of the yarn rises 
as the yam itself, decreases in weight. Since the count 
equals the number of leas of 300 yds, each per poimd, 
obviously the simplest method of testing is to find the 
number of leas of the yam Which counterpoise this 
weight. If, however, small quantities only are available, 
. the following formula applies 

Lergth in yards x xmit of weight 
* Weight X jrards in unit of length ’ 
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If the length is not given in yards, it must reduced 

to that term, an& the weight must, of course, |)e expressed 

in the same terms in both numerator and ^enoAinator. 

Thus, if 2 leas of linen yam weigh 310 grains, the count 

of the yarn will be :— 

2 X 300 yds. x 7,000 grains i 

—6 i 7 i ■-j-= 45'16 leas per pound. 

310 grains x 300 yds. ^ ^ 

One hank or 12 leas of creamed yarn which has lost 

10 per cent, in creaming weighs ozs., and it is required 

to find its lea count in the grey condition. Clearly, 

since the yarn has lost in weight and has decreased in 

actual size, its number will have increased irom the 

grey to the creaiped state in the proportion of 90:100. 

This must be corrected in the calculation reducing 

the count in the proportion of 100 : 00. Thus :— 

12 X 300 yds. x 16oz.per pound x 90 per cent. , , 

-- 57 i 7 ^— 1 —i nV T " ::—-=31-42 leas per pound. 

6 ooz. X 300 yds. x 100 pcf cent. ^ ^ • 

In dividing the length of the portion* taken by its 

weight, the length*per unit of such weight is found. 

12 X 300 yds. 


Thus 


5‘5ozs. 


= yards per ounce, 


but yards per ounce x 16 = yards per pound, andt thi^ 
product divided by 300 yds. per lea = leas per pound. 

Cotton; yarn may be treated in the samf jvay aH 
lea yarns. Cotton, however, when made up in 61b. 
or 101b. bundles is readily checked. Thus, in 16*s 
cotton, or 16 hanks per pound, there should be *16 x 
10 = 160 hanks per 101b. bundle. Any particuj^ 
length may be treated according to the above rule—* 
e.g,, a cottpn warp of 1,600 ends, 500 yds, long, Wfei^hs 
481bs.; then the count of the yarn is 

1,600 X 500 X lib. ,,, 1 

= !•*■** 
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Equivalent Counts .—It is always possible, and often 
needful, to find the cou^it of a given yarn in the sj^stem 
of another. Thus, it is desired to find the lea number 
of a 21b. flax and of an 81b. jute yam. Both of the 
latter counts are based upon the weight of a spyndle 
of 14,400 yds., in which there are 48 cuts or leas of 300 yds. 
each, while the former, or lea count, denotes the number 
of leas of 300 yds. per pound. If, therefore, in the flax 
case 48 leas weigh 21bs., it is obvious that :— 


48 leas per spyndle „ ., , 

-2lE s.persp^dle = ^4 leas per pound; 


48 leas 


and in the jute case, = 6 leas per pound. There- 

fpre the lea numbers are 24 and 6 respectively. Con¬ 


versely, it is clear that 


= pounds per spyndle. 


since 48 = pounds per spyndle x lea number. 

If the yarns be lea and cotton, the»method is different 
from the above, since both counts are based on a similar 
system, with a difference only in the units of length, that 
of the lea yarn being 300 yds., and the cotton being 
840 yds. It is then necessary to bring the known count 
to yards per pound, and divide by the unit of length of 
the required count. 


To^ convert a 56's lea into the equivalent cotton 
count, 66’s lea = 56 X 300 = 16,800 yds. per pound, 
c 56x300 

lAgain, co bring 15’s cotton into equivalent linen counts, 
•= 15x840 


300 


= 42's lea. 


« UttarpiTra lafkrfehna Public Library 

^kccii* / 
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Table I.—Equivalent Counts: Jut^ Counts as 
• Basis, c 


1 

Flax and Jute: 
Pounds per 
Spyndle, 14,400 yds. 

Linen; 

Leas of 300 yds. 
per Pound. 

Spun Silk and 
Cotton; 

Hanks of 840 yds. 
per Pound. 

Worsted: 

Hanks of 660 yds. 
per Pound, 

Woollen: 

Skeins of ‘?56 yds. 

per Pound or 
Yards per Dram. 

1 

48-00 

17-143 

25-714 

56-25 

n 

38-40 

13-71 

20-57 

45-00 

H 

32-00 

11-43 

17-14 

37-50 

If 

27-43 

9-79 

14-69 

32-14 

2 

24-00 

8-57 

12-86 

28-12 

2i 

21-33 

7-62 

11-43 

25-00 

2i 

19-20 

6-86 

10-28 

22-50 

2i 

17-45 

6-23 

9-35 

20-45 

3 

16-00 

5-71 

8-57 

18-75 


13-71 

4-89 

7-34 - 

16-07 

4 

12-00 

4-28 

6-43 

14-06 


10-66 ' 

3-81 

5-71 

12-50 

5 

9-60 

3-43 

5-14 

11-25 


8-73 

3-12 

4-67 

10-23 

6 

8-00 

2-86 

‘4-28 

9-3T 

H 

7-38 

2-64 

3-95 

8-65 

7 

6.86 

2-45 

3-67 

8-04 


6-40 

2-29 

3-43 

7-50 

8 

6-00 

2-14 

3-21 

7-03 


5-65 

2-02 

3-02 

6-62 

9 

5-33 

1-90 

2-86 

6-25 

H 

5-05 

1-80 

2-71 

6-92 

10 

4-80 

1-71 

2-57 

5-63 

lOi 

4-57 

1-63 

2-45 

5-36' 

11 

4-36 

1-56 

2-34 

5-11 

Hi 

,4-17 

1-49 

2-24 

4-89 

12 

4-00 

1-43 

2.14*^ 

4^69 

13 

c 

3.69 

1-32 

1-98 

4-39 



Yards per Dram. 
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» 


Flax and Jute: 

Pounds per 

Spyndle, 14,400 yds. 

» 1 ^ 

Linen: 

Leas of 30C yds. 
per Pound. 

Spun Silk and 
Cotton: 

Hanks of 840 yd^. 
per Pound. 

Worsted: 

Hanks of 560 yds. 
per Pound. 

Woollen: 

Skeins of 266 yds. 

per Pound or 
Yards per Dram. 

14 

3.43 

1.22 

1.83 

4.02 

16 

3.20 

1.14 

1.71 

3.76 

16 

3.00 

1.07 

1.61 

3.52 

18 

2-67 

0.95 

1.43 

3.12 

20 

2*40 

0.86 

1.29 

2.81 

22 

2.18 

0.78 

1.17 

2.56 

24 

2.00 

0.71 

1.07, 

2.34 

26 

1.85 

0.66 

0.99 

2.16 

28 

1.71 

0.61 

0.92 

2.01 

30 

1.60 

0.57 

0.86 

1.88 

32 

1.50 

0.64 

0.80 

1.76 

34 

1.41 

0.50 

0.76 

1.66 

36 

1.33 

0.48 

0.71 

1.56 

38 

1.26 

0.45 

0.68 

1.48 

40 

1.20 

0.43 

0.64 

1.41 

42 

1.14 

0.41 

0.61 

1.34 

. 44 

1.09 

0.39 

0.58 

1.28 

46 

1.04 

0.37 

0.56 

1.22 

48 

1.00 

0.36 

0.54 

1.17 

tm 

0.96 ! 

0.34 

0.51 

1.12 

t 60 

0.80 i 

0.29 

0.43 

0.94 

70 

0.69 ! 

0.24 

0.37 

0.80 

80 

0.60 1 

0.21 

0.32 

0.70 

90. 

0.53 

0.19 

0.29 

0.63 

100 

0.48 

0.17 ! 

0.26 

0.56 

1^ 

0-32 

0.11 1 

0.17 

0.38 

200 

0.24 

0.089 

0.13 

0.28 

250 ‘ 

0.19 

0.069 

'0.10 

0.23 

300 

0.16 

0.057 , 

0.086 

0.19 

350 

0.14 1 

0.049 ; 

0.074 

0.16 

mm 

0.12 ; 

0.043 

i 

0.064 

0.14 
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YARN COUNTS. 


Jute and flax counts may be converted i^ito eguivalent 
cotton counts by the following formula :— 

_ 14,400 _ 

pounds per spyndle x 840 yds. cq^n . 

The equivalent cotton count of a 61b. jute yam = 

= 2 • 86’s cotton. 

6 X 840 

Tables I. and II. have been compiled to show at a 
glance the equivalent counts of jute, flax, lea, dbtton, 
silk, woollen, and worsted yarns. Table I. shows the 
equivalent counts with respect to the ordinary jute 
and flax counts, while Table II. is compiled with reference 
to the ordinary lea counts. 

The figures in Table I. are carried to two significant 
places of decimals ; in each case the last figure repre¬ 
sents the nearest whole number above or below the 
actual value. The same remarks apply to Table II. 

Table II.— ^Equivalent Counts : Lea Counts as Basis. 


• 

CO 

CO 

-a 

.. 

o c 

Cl C*9 Q 

^ « Sc 

E 

^ 

^ 'O fh 

c ft 

2 Pk 

PS fl " 
cS 3 (t» 

ft y 

3 G 


§: 

1 

C/) 

1 

1 i 

48-00 


2 

3 

4 

5 

6 

i 8 
10 
12 
14 


24.00 

16-00 

12-00 

9-60 

8-00 

6-00 

4-80 

4^ 

3-43 


cfi 

■ 

a ^ 
a 


0-357143 

0-71 

1-07 

1-43 

1- 79 

2- 14 

2-86 

3- 58 

4- 29 

5- 00 


CO 

1 . 

01 


0-535718 

1- 07 
1-61 

2- 14 

2- 69 

3- 21 

4- 29 

5- 36 

6- 43 • 

7- 50 


g i 

c2ol 

iS 8 . 

-l—l,- 1 

1- 171875 

2- 34 

3- 521' 
4.69‘ 

5 • 86 i; 
7-03 
9.38r 
11-72 
14.06 
16.«41c 
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*■ • 

60 

• 

• 

1 

S '2 

• 

«/) 

Sil 

ute and Flax: 
Pounds per 
ndle, 14,400 yc 

3 -3 

wSi ^ 

- u. 

5 

° fl 

' ■■i'si 

.S VH 

►3® S3 

(8 Qh. 

§ a« 

CL 


: !> 

' ^ >> 


>“-» >» 
a, 
c/3 

Q (d 

u X 

td 

rt «0 

>4 U3 

C-l 

1 

16 

3.00 

5.71 

8.57 

t 

1 18.75 

18 

2-67 

6.43 

9.64 

! 21-09 

20 

2.40 

7.14 

10.71 

j 23.44 

22 

2.18 

7.86 

11.79 

' 25-78 

25 

1.92 

8.93 

13.39 

: 29.30 

30 

1.60 

10.71 

16.07 

! 35-16 

32 

1.50 

11.43 

17.14 

: 37.50 

35 

1.37 

12.50 

18.75 • 

41-02 

40 

1.20 

14.29 

21.43 

; 46.88 

45 


16.07 

24.11 

52-73 

50 


17.86 

26.79 

: 58.59 

^5 

0.87 

19.64 

. 29.46 

64-45 

60 

0.80 

21.43 

32.14 

70-31 

65 

0.74 

23.21 

34.82 

76-17 

70 

0.69 

25.01 

37.50 

82-03 

75 

0.64 

26.80 

40.18 

, 87.89 

80 

0.60 

28.57 

42.86 

93.75 

• 85. 

0.56 

30.36 

45.54 

: 99-61 

90 

0.53 

32.13 

48.21 

105.47 

95 

0.51 

33.93 

50.89 

111.33 

IQO 

0.48 

35.71 

53.57 

117-19 

110 

0.44 

39.29 

58.93 

128-91 

120 

0.40 

42.86 

64.29 

140-63 

130 

0.37 

46.43 

69.64 

152-34 

140 

0.34 

50.00 

75.00 

164-06 

m 

0.32 

53.67 

80-36 

175-78 

fc 200 

0.24 

71.43 

10T.14 

234-38 

250 

0.19 

89.29 

138.93 

292-97 

300 

. 0.16 

107.14 

160.72 

351-66 

^ 350 

0.14 

125.00 

187.60 

410-17 

400 

0.12 

142.86 

214.29 

468-75 


i. per 




CHAPTER H. 

Twisted Threads: Resultant Count and Cost. 

t 

Y arns are twisted or folded together for the purpose 

of imparting strength, durability, uniformity, or 

¥ 

appearance. When the individual yams comprising 
the twisted thread are all of the same fibre and count, 
the method of expresshig the count of the twisted ‘ 
thread is common to all fibres except that of silk. Thus . 
6-ply 8’s, 3-fold 60’s, or simply 2 /24*s, indicate respec¬ 
tively that the twisted yarn consists of 6 threads of 
81b. jute, 3 threads of 60’s linen, or 2 threads cjf 24*6 
cotton, as the case may be. In silk, however, the 
count stated indicates the size of the yarn in its folded 
condition, and is, or at least ought always to be, ex¬ 
pressed as 40’s 2-fold, 20's 3-fold, or 40/2, 20/3, indi¬ 
cating that the thread is now 40’s or 20's respecfcively, 
and that it is composed of two or three threads which 
result in one twisted thread of the count indicated^ 
Jute yarns are regularly twisted from two to twf^lve or 
sixteen-fold,^ and in all cases, whether the yams €bm^ 
posing the twisted thread are alike in count oi;;,not, the 
same rule is observed for determining the twisted cdunt. 
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Rule'I .—Yhe residtant count when tim or more yarns 
are twisted together is the sum of the counts of the individual 
threads if th: contraction due to twisting is neglected. 

This rule is sufficiently clear, since it is obvious that if 
two threads which each weigh Slbs.per spyndle are twisted 
together, the resultant thread must weigh 5+5 = 10lbs. 
per spyndle. Jute yams of different counts are" not 
usually twisted together, but in any case the same rule 
applies. Similarly with dry-spun flax yams, and all 
yams the counts of which are based upon a fixed length 
with a varying weight. In cotton and in lea yams, 
however, where the count is based upon a fixed weight 
and a v'arying length, a different mle ife necessary. 

Rule II.— Given that the threads composing the twisted 
yam are all of the same county the residtant count is 
the quotient obtained by dividing the original count by the 
• niimber of threads compounded. 

Thus 3 /60's = 20’s ; 

2/24’s = y = 12’s. 

This mle is also evident, since, if we take lib. of 60's 
lea yam, or 60 x 300 = 18,000 yds., and twist this into a 

diree-fold yam, we have —- 6,000 yds. of twist. 


In the other case, lib. of 24*s coflton = 24 x 840 = 20,160 
yds., and = 10,080 ydsi of twist. 

= 12 hanks of twist per pound. 

9 

Where, however, the more unusual practice obtains of 
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twisting together yarns of different counts, and in some 
cases of different materiak, another method^k necessary 
to determine the count of the compound thO'ead. If the 
individual yarns are of different fibres it is first necessary 
to reduce each count to that system in whjch the 
twisted count is desired. 

Example I ,—^In which the yams are alike in fibre but 
different in count—«.g., 1 thread of 20’s lea and 1 thread 
of lO’s lea are twisted together. What is the resultant 
count ? ^ 


If contraction due to twist be neglected—and aU 

such calculations are based upon this assumption— 

it is clear that^the same length of each yarn‘’wiU be 

required— i.e., if we take lib. of 20k or* 20 x •300 = 

6,000 yds., we must take the same length of the lO’s 

6,000 yds. , ' 20 leas 

^°"^’ ^yds. per Jei = ^0 leas, and. 

= 21b. of lO’s yarp. .•. we require 21b. of lO’s yam to 
twist with lib. of 20’s yarn— i.e., 2 + l = 31b. of twist. 


In this weight, however, there are 6,000 "yds.,^ or 

twist.* * 

300 yds. per lea 

* ’ ~ pound or 6f’s twist^5ram. « 

Example II .—^In which there are three different 


counts of yam, say of the cotton fibre— viz., 1 thread of 
30’s, 1 thread of 20k, and 1 thread of lOkI Xgain, 


assume that 11b. of 30k and an equal length of 20k and 
10k, or 30 hanks of each, are to be twisted together tq 


produce 30 hanks of twist. Then 

30 hanks of 30*s cotton = |^ = lib. « % 

30 „ 20’s .. = M = l|lb. 

30 „ lO’s „ = ^bs,* 




30 hanks of twist cotton 


= S^rbs. 
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30 Hanks* 30 x 2 
Silbst ““TT" 




hanks per*pound, 
twist cotton. 


or 


Example III .—^Any number of threads may be treated 
in a similar manner— e.g., if 1 thread of 40’s, 1 thread of 
20's, 1 thread of lO’s, 1 thread of 8’s, and 1 thread of 
6's lea yarn be twisted together, find the resultant 
counf. 


In solving this example we shall assume that only 
one lea of each yarn is taken, and that the compounded 
threads form one lea of twist. Now, 


» 

Hence, 

1 lea 

Jib. pej- lea 


1 

lea of 40’s 

yarn 

— Alb. 

1 

20 ’s 


= Alb. 

1 

lO’s 

»» 

= Alb- 

1 

8 ’s 

ff 

= Jib. 

1 

5’s 

II 

= Jib. 




1 lea of twisted yarn = |^lb., or Jib. 


= 2 leas of twist yam per pound, or the 
resultant count = 2's. 


Tb^ following mle to find the resultant count is 
deduced from these explanatory examples :— 

• RuLif III .—Divide any number by all the counts in 
succession, and again by the sum of the quotients thus 
obtained. 


In Examples I. and II. the highest coimt (which 
^is generally to be preferred) hajs been utilised as the 
number, while in Example III. unity has been u^ed as 
^th#common nuiAerator. 

Th^ 5bove rule can be expressed sjmibolicJi^ly as 
folfows; Let the counts of the different threads be 



r 
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indicated by A, B, C, &c. Then^ 

A „ B * a , 

^ . A A B . B B " C .O' . C " 

ABC B “^A C“ A" S' 

twisted or resultant count; 
or if N equals any number whatever, ^ 

N 

= twisted or resultant count. , 

S'+B"''C ^D"’ 

Example IV. —^Required the count of a compound 
thread composed of 1 thread of 40’s lea, 1 thread of 
15’s cotton, and 1 thread of l^lb. of flax. 15’s' cotton = 

16x840 j 1,1V n 48 leas 

300” = 

three counts to be treated are therefore 40’s, 42’s, and 
32’s in the lea system ; and applying the above rule we 
have * • 

40 40 40 

40 . 40 . 40'“ 1 , 20 . 5“84 + 80+ 105“ 

40 42 '32 ^*^21 ■^4 84 

t 

3 300 

ioif “ twisted -lea count. « 

The same result would be obtained by substituting 
42 or 32 for 40, or by taking the L.C.M. ofrthe thrle 
numbers— i.e., 3,360. Thus, 

3,360 _ 3,360 _ 3,360 

3360 3360 ^^360 ii4-f80 + 105 

40 42 32 

e* 

12 ^ff counts, as above. ^ 

The following rule is more particularly applicable to 
cases where\)nly two counts are compounded *' # 

Ru^e IV. —The product of the two counts divided 
the sum of the two counts equals the twisted counU 



% 
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ProducM tido counts , ., , 

counts * 

Example ^V .—One thread of lO’s cotton and one 

thread of 15’s cotton are twisted together; find the 

resultant count by the above rule. 

•10x15 150 ^ , 

IQ+ 15 = -^ = 6 s, the twisted count. 


This rule is simply a particular application of the 
previous rule. Since the number chosen for the 
dividend is the product of the two counts, it is evident 
that the sum of the quotients, found by dividing this 
number by the counts, must be the sum of the counts 
themsqlves. Thus, if lOlbs. of 15’s ^:otton, in which 

there are 10 x 15 = 150 hanks, be twisted with 150 hanks 

• « 

150 

of lO’s cotton whose weight is = 15lbs., the result will 


bq 150 hanks of twist weighing 10 +15 = 251bs. 


150 hanks 
251bs. 


= 6 hanks per pound, oii 6’s cotton. 


The above rule is also applicable in cases of three or 
more fold yarns by first finding the resultant count of 
any ,two of the yams, and then compounding this 
result with the third and succeeding yams. 

* Example VI .—^Applying this to Example II., where 
one thread each of 30's, 20's, and lO’s are compounded, 

30+^ = 50 = 12scount. 

Then 

,12 X 10 120 X TT ITT 

* 12 ':i:yQ = S twisted count, as in Example II. 

# 

• some excejAional cases it is necessary to ascertain 
the size^ or count of a yarn which must be twisted 
wifti a given yarn in order to produce a certain count 
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of twist. It will be seen from Rule IV. that if A and B 

f 

be two threads twisted together, and the resultant 
count is C, the relation between the three threads is as 
follows :— 

A _ p 

A + B“^» 

from which we have 

AB = C(A + B) 

AB = AC +BC 
AB-BC = AC 
B(A-C) = AC 

• • ® ~ A-C 

Or (2.) A = Tnrr 


Hence we have the following 

, Given count x twisted count . , 

Rule V. ^ . = required count. 

Given count—twisted count ^ 


Example VII .—^^t the given count be lO's and the 

twisted count 6’s ; then ~ X required 

count. 

When the individual threads of a twisted jute‘yarn 
are alike in size and price, the cost of the twisted threap 
is only altered by the amount charged for the Siferation 
of twisting. Thus, if 81bs. single yarn costs 2x«ffd- per. 
pound, the same yarn twisted in three or otheri^fold 
will cost 2r^6d. per pound plus the expense of twisting. 
Where, however, yarns of different sizes are twistM 
together, the price per pound of the twisted yam may * 
be found assfoUows:— < c t; 


Example VIII .—Suppose a two-fold thread *is com¬ 
posed of 81b. yar^ at 2id. per pound, and 101b. yjthi 


1 
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at 2d. p«r poftnd, assuming that equal lengths (say one 

spyndle) of teach are taken. Then, 

1 spyndle 81b. yarn = 81b. at 2^d. = 18d. per spyndle. 

1 .. 101b. „ =l01b. .. 2d. = 20d. 


1 spyndle of twist =181b. = 38d. per spyndle. 

• 38d. 

ISlbs. " po\md, 

to which has to be added the expense of twisting. 

Example IX .—A three-fold yarn is to be composed 
of 71b. warp at Is. 6d. per spyndle, 91b. yam at 2^ffd. 
per pound, and lopb. yarn at 2d. per pound. Then, 

1 spyndle 71b. yarn = 71b. at Is. 6d. per spl. = 18d. per spl. 
1 ,, 91b* „ = 91b. „ 2^d. per lb. = 19^d. „ 

1 • lOilb. .. = lOJlb.,, 2d. ., • = 2ld. 


1 spyndle of^wist = 26^1b. 


= 58^d. p. spl. 


58Hd. 939 

•‘*26iib. “ 16 


X 


2 939 

53" 424 


= 2*21d. per pound. 


If the yams be quoted per spyndle, it is obvious 
that the cost per spjmdle of the twwted thread will be 
the sum of the various prices, plus, in every case, the 
cost of twisting. The same statement holds good with 
Regard to flax yarns per spyndle, and to lea yams when 
the latter are quoted per bundle of 60,000 yds. 


*The following general method is adopted to determine 
the cost of a twisted cotton thrj?ad when the yams of 
which^it is composed are different in count and price :— 

Example X .—Suppose a three-iold yam be composed 
of^’s cotton at 7d. per pound, |o’s at 8d. per pound, 
* and 15’s at 9d. per pound. f 


^ H^JLE» VI .—TWe twisted count multiplied by the cost 
of a han4t of the twisted yam eqitals the cost per ^ound 
of the twisted thread. 
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First find by Rule III. the twisted count:— ♦ 

6 6 30 _« . 

6.6,6 “ 30 + 18 + 12 “ ” ^ 60 “ 

6 "^10 ■‘'15 30 

twisted count. The cost of a hank of the twisted yam 


, 7d. 8d. 

will be -g- + Jg- 


9d. 35 + 24 +18 

15 “ 30 


per hank. 



77 

^ X 3 hanks per pound 


231 

30 


= Tj'^d. per pound. 


Example XI .—more complicated example might 

be stated as follows : Required the twisted cotton 
< « 
count and the price per pound of a three-fold yarn com¬ 
posed of 1 thread of 40’s lea yarn at 4s. 6d. *per bundle, 
1 thread of 15’s cotton at 9d. per pound, and 1 thread of 
l^lb. flax at Is. 3fd. per spyndle. 


First, find th^ equivalent cotton count and the 
price per pound of 40’s lea and l^lb. flax, 

^40 X 300 


40’s lea 


l^lb. flax 


840 


= 14# cotton count. 


54d. X 40 leas per lb. , 

200 leas per bundle. = 


1.200 leas per bundle. 
f 14,400 yds. -, „ ,, . 

I . 

15fd. persp 3 mdle 126 . 

IJIbT^-12~"" Poupd. 


We have therefore the following :— 

15’s cotton at 9d. per pcuad. ' 
40’s lea or 14^’s lOfd. „ •* 

. l^lb. flaxorll^’s lO^d. „ 
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the twisted cotton count will be 
15 • 15 


15 


105 


105 


105 


100 
15x80 
. 269 


+ 


105 


1 . 21 . 21" 80 + 84 + 105 
1 "^20 ■^16 


80 1 ' 20 ' 16 80 
= 4^1^ hanks per pound of twist. 


while the price per hank equals 


^_^10Jd. 


15 


14|- 




11 # 




/54 7 \ 

V 5 ^ 100 ) 

378 147 

+ 


+ 


n 7_\ 
\ 2 ^~ 80 ) 


500 ^ 160 


QOQQ 

hanks per pound x 2-^‘= = 

• • 

10‘15d. per pound. 

In the case of only two yarns the following method is 
^ apj>licable. Let A and B be the two counts. 

Rule VII.— Multiply the price per pound of A by the 
count of B, and the price per pound of B by the count of 
A ; the^ sum of these products divided by the sum of the 
founts gives the price per pound of the twisted thread. 

X E)Aimple XII. —^Find the cost per pound of a twisted 
Ijiread composed of one thread of 6’s cotton at 7d. per 
pound, and one thread of lO’s cotton at 8d. per pound. 

Here A and B ^e 6 and 10 respectively 

K^x8) + (10x7) 118 

-6+iO - • —pound. 

*rhe above rule may also be applied to three or more 
fold yams by treating them in stages as demonstrated 
in Example VI. • 

Example XIII. —One thread each of 6’s, lO’s, and 
15% (!otton at 7d., 8d., and 9d. per pound respectively 
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are twisted together; find the price per *pouifti of the 
compound thread. • 

The price per pound of the 6’s and lO’s wfll be 7fd., as 
in Example XII., while by Rule IV. the counts will be 

If we now combine this 3f’s cotton at 7|d. per ^nnd, 
with the remaining thread— i.e.^ 15’s cotton at 9d. 
per pound—^we obtain 
3| X 15 5()i 

■3i + 15~T8|~ 4 ''75 

(3f x9) + (15x7|) 33| + 110f 270 + 885 231 

3| + 15 •” 18| “ 150 “ 30 

per pound, as found in Example X. In actual practice 
it will be found that the same method will not 
be most convenient for pvery case, and therefore the 
selection of the best method for any particular c&se 
must be left to tb^student. 


225 4 ^ ^ , 

x„^ = 3s twist, and 


Relative Weights of Yarn in a Twisted Thread .—It 
should be clearly understood froui the foregoing exam¬ 
ples that in the case of jute and flax counts the weights 
of the individual yarns in a compound thread are 
directly proportional to the respective counts*; whi]^ 
in the case of lea and cotton yarns, where the twist is 
two-fold, the weights are inversely proportional Jo the 
individual counts. Thus, in 1441bs. of 181b§. jute 
twist composed of 81b. and lOlb. yam there will be « 

144 X 8 • 

Example XIV. -=641bs. of 81b. yam^ and 

144 X10 * 

—jg— = 801bs. of lOlb. yarn ; while in 

Example XV .—^If 150lbs. of 6’s twist cotton be cdm- 
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posed of* lO’s* and 15’s single yarns, ^the respective 
weights taf tliese yarns will be = OOlbs. of lO’s 


= 001bs. of lO’s 


, 150 X10 „ , , 90 X10 

cotton and —«=— = 601bs. of 15 s cotton, or ^ r = 
25 60 X 15 j 

900 hanks of each. 

The proof of above is as follows : If the total weight 
of a"Twtet yarn be multiplied by its count, the product 
• will be the total number of hanks of twist, and therefore 
the total number of hanks of each individual yarn. 
But hanks divided by the count gives the weight of that 
yarn. Therefore, 

Rule ^ weight of 

Individual count ° ‘ 

individual 'farn. 

, Example XVI. —ISOlbs. of 3’s twist is composed of 

6 ’s, lO’s, and 15's yarn ; what is the weight of each ? 

150 X 3 —(--iv r 
— n — = 75lbs. of 6 s. 

6 • 


150x3 

10 

150x3 

15 


= 451bs. of lO’s. 


= 301bs. of 15’s. 


• 75+ 45+ 30 = 150lbs. twist. 

• • 

, •T wist Yarns Whose Individual Lengths are Different .— 

In jute and linen weaving it is most unusual to find 
twist ]^rns in which the take-up of one of the threads 
is imrposely different from that of the others. In view, 
^^jowever, of the possible introduction of such into linen 
dress goods we think it necessary to include the principles 
yivoRrednn the calculations of these yarns. The relative 
lengths^o^the yarns may be varied at will in the twisting 
process, and may be determined from actual examples 
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• 

by simple measurement. In general, one of the threads 
will be found to be practical^ straight and equal in 
length to the twisted thread, while the spiral or loop 
thread will be considerably longer. 

Example XVII .—Suppose a spiral twist thread is 
composed of one thread of lO’s cotton round which is 
twisted a thread of 21b. flax, and that for ^IQins. 
of twist and of the cotton thread there are l^ins. of 


the flax ; to find the flax count and the cost per spyndle 
of such twist when the cotton yarn is 8d. per pound 
and the flax yarn Is. 6d. per spyndle. 

The relative lengths of the yarns necessary will be 
as 10 : 14, and assuming that a spyndle of* twist is 
14 400 

made ; then jq = If^b. of lO’s cotton r^quirdd, and 


(A = If spyndle of 21b. flax. Now, 

Z ^-12 14 _ 60 + 98 _ 168 

lylb.+ (l-g X 21bs.) — y + Q — gg ”35 “ 

per spyndle, and 

/12 n 96 126 1362 

Vy X 8 d.j + [-jx 18d.j =Y +~5 -36- 

= 38*91d. per spyndle. * 




The above makes no allowance for waste in, or 
expense of twisting. In some cases it will bet-feund tliat 
while different lengths of each yarn are required, the • 


twisted length is less than that of any of the component 
threads. Still there should be no difficulty in solving 
any similar question, provided the student hai a 
thorough knowledge of the principles underl5dng yarjL, 
counts. We would here impress upon all sti^ph the 
great desirability of mastering the principles upbn ^hicb 
calculations are based, rather than trying tA commit 
rules *to memory. ‘ 



CHAPTER III. 


Warp and Weft Setts and Porters. 

The Determination of the Sett of the Fabric ,—^The 
sett of any cloth, as far as the warp is concerned, 
is determined by the sett of the reed through which the 
warp yam (is drawn, by the number of ends contained 
in each split or opening of the same, and by the contrac¬ 
tion in the width of the fabric due to weaving and finish- 
•in^. As with yarn counts, there is great diversity in 
the methods of denoting the setts o^ reeds ; but while 
in the former case there is probably some benefit to be 
derived trom a diversity of method, in the latter there 
ft none whatever, since in practically aU calculations 
involving the sett of the reed it becomes necessary to 
af least .lyjminally reduce the latter to threads or to 
splits per inch. The unification of reed bases is there¬ 
fore more desirable, besides being more practicable, than 
the uifification of yarn counts. 

gince it becomes necessary in practice to reduce all 
4 *eed setts to threads or splits per inch, it is obvious 
that Ijie most suitable reed basis would be one whose 
rfiunfber* would indicate the threads or splits in that 
unit of ifteasurement. In this respect the Huddersfield 

• A 

system is highly satisfactory, the number of the reed 
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indicating the, splits per inch, while tfie threads per 
split are indicated by a small figure follo\fing ^the reed 
number. Thus: Reed 10“ means that 'there are 10 
splits per inch in the reed, and that there are 10 x 3 = 
30 threads in a similar space. 

t 

Although there are only two general systems adopted 
in counting reeds—viz. :— , • 

(а) In which the reed number indicates the 
number of splits within an understood unit of 
measurement; and 

(б) In which the reed number indicates tHe multiples 
of a fixed number of splits (termed a beer or a porter) 
within an understood unit of measurement; 

yet there are various modifications of each of these 
systems. 

Under {a) the following, besides others, are included—^ 

Huddersfield, in wliich the reed number indicates the splits 
on lin. 

Stockport, in which the reed number indicates the sptits on 2in. 

West of Scotland, in which the reed number indicates the splits 
on 37in. * 

Belfast, in which the reed number indicates the splits on 40in. 

Under (6)— „ * • 

Leeds, in which the reed number indicates the beers of 19 sp&ts 
each on 9in. 

Bolton, in which the reed number indicates the beers' of ^Splits 
each on 241in. 

Bradford, in which the reed number indicates the beers oi 20 
splits each on 36in. 

Blackburn, in which the reed number indicates the beers of 2!b * 
splits each on 45in. ,, 

Dewsbury, in which the reed number indicates the beerd'of 
splits each on 90in. ^ 

East of Scotland, in which the reed number indicates the p9rters 
> ' of 20 splits each on .37in. 
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To finS the* splits per inch in any sgtt under group 
{a) the ^olldWing rule is applicable 

Eixampk XVIII.— is required to find the splits per 

inch in a 1,000 reed (usually written 10"") West of 

Sco^lajid, and an 8'’“ reed Belfast or 40in. scale. Then 

1,000 splits on 37in. ^ 

- 2 ^ -” 27^ splits per inch in the formed, 

j 800 splits on 40in. 

and- 405n-splits per inch in the latter 

A 

case. 

* 

To find the splits per inch in any sett»under group (b), 
it is necessary to apply the following rule :— 

„ ^ of reed x splits per beer or porter _ 

■ Unit of measurement ~ 

% 

tsphts per inch. 

Example XIX. —To find the splits per inch in a 10- 
porter and a 55-porter reed on the East of Scotland 
scale (this scale— i.e., porters of 20 splits in 37in.— 
il adopted all over the East of Scotland in the jute, 
linen, and tweed industries). 

•/IV IQ porter x 20 splits per porter on 37in. 

37in. 

5^f, or 5*405 splits per inch, 

• 55 porter x 20 splits per porter 

-3^' 

291, , or 29*73 splits per inch. 

^ • 

It evident that since |^- i$ common to all such 
^alcfllatftms in tins scale, the decimal equivalent could 
be foimd^and utilised as a common factor for all cases. 

A ^ 

*1^1_ .T _ M /\ ^ ^ar . a * j _ • S. ^ _ «■ . . m . ... 


Thus, =0*5405 split per inch for a 1 porter. 
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10 porter^x 0*6405 = 6-405 splits per inch, and 56 
porter X 0*6406 = 29*7275 splits per inch. 

From splits per inch to splits in any given-width is a 
simple step, since it is evident that splits per inch x the 
given width in inches will equal the splits in that w^dth. 
A simple addition therefore to Rules IX. and !x. gives 
the necessary rules for finding the splits in an^-’eed 
and width. 

Rule XI.— 'For reeds under group (a ):— 

Sett of reed X reed width in inches 

- UniiZt-f^ur-en,mt - ^ 

width. 

Example 'Required the splits in 54an. of a 
9’“ Belfast or 40m. scale, and in 27in. of^a 12°° reed 
West of Scotland or 37in. scale. 


( 1 .) 

( 2 .) 


900 splits x54in. _ __ ... 

--<= 1.215 splits. 

1,200 splits X 27in. 

-- =876 splits, nearly. 


t 


Rule XII.—-For reeds under group (b ):— 

Sett of reed x splits per beer or porter x reed width in inche s 

Unit of measurement ^ 

splits in the given width. 

Example XXI .—^Required the splits in 43cn. of ^n 
11 porter, and in 74in. of a 50-porter reed, both on tiie 


East of Scotland scale. 


... , 11 porter X 20 splits X 43in. ___ ‘ 

(1.) — - -^Tiii -= 256 splits, nearly. 


. . 50 porter x 20 splits x 74in. . ... ^, 

- -37in-=2,000 splits. 

4i 

To reduce^ splits per inch to any particular rfeed^basi^i 


is a simple reversal of either Rule IX. or Rulfc X. If 
the required reed be under group (a), then *' 
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Rule XIII.*— Splits per inch x unit of measurement =* 
ett of reed, • 

Example XXII. —Thus, 35 splits per inch equal 

36 X 37iii.=1.295 splits or 12"^ reed West of Scotland .scale, 

35 x 40in. = 1,400 ,, 14“" „ Belfast scale. 

If 1:he»required reed is under group (ft):— 

Splits per inch x unit of measuremen t 
Splits per beer or porter 
== sett of reed. 


XIV. 


Example XXIII. —^Required the East of Scotland setts 
of 10, 20, and 30 splits per inch :— 

,, , id splits X 37in. 

^^lits per porter = 

/o v 20 s plits X 37in. oe, * a 
(2-) per porter = 

20 splits per porter 

Or, as indicated after Example XIX., 

10 splits _ - , 20 splits „ * , , 

-g:g^ = 18.5 porter. porter, and 

30 splits . , 

• 0*5405 porter. 


In practice the sett of any particular reed may be 
de^rmined in various ways. For reeds of a coarse 
^ sett, such as are in use in the jute trade, a metal measure 
or gauge termed a porter measure is used. (See Fig. 1.) 
The distance between the extreme points of this measure 
is the twentieth part of 37in.— ue.j |^in., or l*85m. If this 
measure be placed upon the reed, the number of splits 
or openings between the two extreme points may be 
e^ily* counted, and this number equals the sett of the 
reed or the porters of 20 splits each in 37in. 'Ito is 
clearf since the splits per measure x2Q measures on 
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37in. will equals the splits in 37in.; buf this‘product 
has to be divided by 20 in order to find thfe porters of 
20 splits each on this unit of measurement. Thus 

1(^ splits per measure x 20 measures on 37in. 

20 splits per porter. ” ‘ 

I 

' For reeds of a finer sett, such as are used in the hnen 
industry, an instrument is used which consists^^ a 
simple magnifying glass fitted over a metal plate, in the 
latter of which measurements of any desired kind may be 
cut. 



Fig. I. 


An elevation of this glass is shown at Fig. 2, while a 
plan of the metal plate or support is illifsttated i^n 
Fig. 3. 

The most common measurements found are :* lin., 
Jin., Jin., |Jin., f Jin., jS^yn., and /^%in. t 

. «I 

By observation the first three measurements give 
us immediately the splits per inch,'* from wkich*^ the^ 
splits^contained in any number of inches is easily deter- 
mltied. The sett of the reed in the porter or East of 
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Scotland scale is obtained as follows :—• 

* Splits per glass x 2 

>1 >• X 4 

»• •' to 

—^for these measurements are respectively one-half, one- 
quarter^ and one tenth of the full porter measure. The 
glass is also useful in determining the sett in the 
Scotland scale, since the splits in this measure 

Fig. 2. 



Fig. 3. 


mul^^plied by two gives the hundreds of splits on 37in. 

splits in measure x 2 = 20'"). In a similar manner the 
/im or -^in., jerves to determine the sett in the 
Belfast or 40in. scale. 

It m£^l)eas well to point out,at this juncture* the 
advisability of always counting over the largest con- 
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r 

venient measurement, since by so doing liability to 
error is diminished. Any error committed vpon a 
small measurement is proportionately increased when 
the calculation is extended. 

Whilst it is quite clear that the threads per inch of 
warp in the reed are obtained by the formula: Splits 
per inch x threads per split, yet in practice no invptR^ble 
rule is observed as to the number of threads which shall 
be drawn through one split. In jute and linen weaving 
the number usually varies between 1 and 4 (in double 
warp fabrics two threads being generally considered 
as one), the actual number in each split being the same 
in any particular example, except in some special cases, 
such as buck towelling (huckaback) or a fabric with a 
crammed stripe. Due to a weave peculiarity in the 
former case it is sometintes necessary to draw a "two” 
and a " three ” alternately; and in the latter case to' 
increase the number of threads per split in the coloured 
portion in order to make it more effective. In certain 
coarse or open fabrics (say a 7-porter jute hessian, 2 
threads per split always understood), where it is desired 
that the cloth shall be well covered— i,e.^ the warp 
threads equidistant from each other—^it is«. not Sin 
unusual practice to weave the cloth through a 14-portW 
reed, drawn 1 thread per split. The result is the same 
as far as the threads per inch are concerned, l)ut the 
appearance of the cloth is considerably better tha;^ if 
woven in a 7-porter reed, 2 threads per spHt. In double, 
warp plain fabrics—^that is, where t^e weave ia. plain, 
but where 'two adjacent warp threads work together as 
one-« it is customary to draw 2 such double threavis, or 4 
single threads, through each split, but in the very lowest 
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qualities of Wch bagging the practite of drawing 1 
double > thread per split in a reed of twice the sett or 
fineness is occasionally resorted to. Jute tarpaulings 
are similar to baggings, inasmuch as they are double warp 
anci woven plain ; they, however, are always sufficiently 
close in the sett to be drawn 2 double threads per split 
iif tb^reed. Three-shaft twilled sackings (^) are also 
double warp, and are understood as being drawn 
3 double threads— i.e.f 6 single threads per split. In 
some cases, however, they are drawn 2 double threads 
per split, through a finer reed than the nominal sett. 
Thus a 12-porter reed with 2 threads per split is equiva¬ 
lent to*an 8-porter reed with 3 threads*per split. Four- 
shaft twilfed sackings (^x) 3-*^® alwaj^ single warp and 
understood to have 4 threads per split, although similar 
variations in the method of reeding may be made for 

* practical reasons. 

In the majority of figured linen doths 2 threads per 
split are understood, but in such fabrics as drills and 
ticking the reeding is made to suit the exigencies of the 
particular case. Thus, while 3 shaft drills (^t) are 
usually drawn 3 threads per split, low fabrics of this 
ippe m% 5 i be drawn 2 threads per split in a suitable reed, 
five-shaft drills and tickings where fine in sett, 
may be drawn 3, 4, or even 5 threads per split. In 
damask work it is a common practice to draw 3 threads 
through each split for cloths containing over 60 threads 

• •per inch, and 4 threads per split where about 100 threads 

per igch obtain.^ Thus, a 67i-^rter damask may be 

•woven m a 45's reed, 3 threads per split, and a lOO-porter 
cloth ^n a 50’s reed, 4 threads per split. Wer<^ these 
cloths woven in a 67i’s .and a lOO’s rc jd, 2 threads per 
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t 

split, a considerable increase in tbe number of breakages 
in the warp while weaving would probably be experienced, 
since knots in the yarn would have greater difficulty in 
passing the reed. The weaver would also experience 
greater difficulty in re-reeding those threads whjctvdid 
break. 

The above practical considerations should Jjpi 1t)e 
permitted to interfere with the recognised method of 
designating any particular fabric. Thus the terms an 
11-porter hessian, a 7-porter D.W. bagging, or an 8-porter 
twilled sacking, always indicate that the cloths in question 
no matter what they count in their present state, are 

r « 

the equivalents of— 

1st. A hessian woven through an ll*porter reed, 2"threads per 
split. 

2nd. A bagging woven through a 7-porter reed, 2 double threads 
per split. „ 

3rd. A sacking woven through an 8-porter reed, 3 dowble . 
threads per split. 

In linen weaving different practices obtain in different 
districts, but in all cases where the sett of the warp 
is indicated by a reed number, it must be understood 
that such number refers to the Sett of the loom reed 
through which the warp was drawn—two threads per 
split being assumed, except in those cases ^Jiere the 
number of threads per split is otherwise distinctly undef- 
stood. Thus a 60-porter and a 90-porter damask 
indicate respectively the sett of the warp of such cloths 
in the reed on the basis of 2 threads per split, although in 
tbe latter case the probability is that it would be wo^n 
in a 60-porter reed, 3 threads per split. Similarly, a' 
cloth designated as a 45-porter huckabfick is undeis^ood 
as having h^d 

45 pQgrterx20 splits per porter x 2 threads pei^ split 

aTiii: “ 
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= 48*66 threads per inch in the reed^ although the warp 
may have t)een drawn 2 threads and 3 threads alter¬ 
nately, an average oi 2J threads per split in a = 

36-]^rter reed. In certain well-defined fabrics, such 
as a 5^1eaf drill, 3 threads per split are understood; 

800 X 3 

tlms 3fL 8“ 3-leaf drill, 40in. scale, would have * 

60 threads per inch in the reed. 


Where, however, the cloth is stated as counting a 
given number of threads per inch, such must be taken 
as indicalting its present actual count, and the total 
numbeiiof threads in any such fabric would be obtained 
by multiplying the given threads per inch by the given 
width in inches. Thus, if three cloths which measure 
24in., 38in., and 54in. wide count respectively 47, 37, and 
63»warp threads per inch, the total number of ends will 
clearly be—• , 

In the 1st, 24in. x47 threads per inch = 1,128 
,, 2nd, 38in. x37 ,, ,, = 1,406 

,, 3rd, 54in. x63 ,, ,, = 3,402 

• To reduce the threads per inch in the cloth to the sett 

of the reed through which the cloth was woven occa¬ 

sionally^ presents considerable difficulty; indeed, to 
cfo this correctly one requires, in many cases, to have 
had a fair amount of experience. All cloths, with very 
few exceptions, contract more or less in width during the 
waving and the finishing processes ; but, since the 
isame number of threads is contained in any one par- 
ticulaj^ fabric in its various conditions or widths, it 
,is o!l)vi<ftis that as the width of ;the cloth decreases, the 
number*of threads per inch must inrcease. Whilst 
this increase is not exactly inversely proportional to the 
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decrease in wj/dth (a greater proportion of the con¬ 
traction in width takes place at and near*the selvages 
than in the centre of the piece), yet for calculation 
purposes it may be assumed to be so. Thus, a jute 
hessian warp which measures 43in. and counts _ 

f ^ 

11 porter x 20 splits per porter x 2 threads per split 

STim r“ 


= 11*89 threads per inch in the reed, when woven and 

finished to 40in. in width wiU count = 

12*78 threads per inch finished. 

Again, a damask table cloth warp which* measures 

75Jm. and couiTis —-=64*86 thit^ads per 

inch in the reed, will when bleached and‘finished to 

70in. in width have —-^|^j^^^’ = 69*95, say 70 

threads per inch. The many causes tending to produce' 
this contraction in width have been fuUy discussed 
elsewhere, but we might briefly mention here that it is 
influenced in weaving chiefly by 

(a) The weave or interlacing'of the weft with the 


warp; 

(b) The shotting or the threads per inch of ^^ft; 

(c) The size or count of the warp and of the weft yard ; < 

(d) The tension or strain imparted to the warp 

during the process of weaving. ** 

In finishing, the width is modified, chiefly by the 
kind of finish—calendering or mangling—»and by the^ ^ 
tension imparted to the cloth in the direction of the 
warp during certain of the finishing' processes. Que^ 
to this variety of causes, it is impossible to formulate 
any rule applicable to contraction in general, nor Is it 
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safe to do so, even m any particular fabric, since 
experience *shows that as the fabric increases in width 
the contraction is proportionately less. In proof of 
the former assertion, we may state that in the case 
of ^ur different fabrics of approximately the same 
width which were weaving side by side, the contraction 
WHS found to vary in the weaving alone from 3 to 
9 per cent, of the reed width. Notwithstanding this, 
practices are in daily use in certain districts which arc 
based upon the assumption that the relation between 
the reed .width and the loom width of the cloth is con¬ 
stant, or that a given width of warp in the reed will 
always "produce the same width of cfoth in the loom, 
irrespecti^ of the quality or the kind of the fabric. 
Thus it is presumed in certain districts that 40in. of warp 
in the reed will always give 38in. of plain cloth, and in 
* another (based upon approximate results in damask 
fabrics, but applied indifferently Ih that district to 
fabrics of all kinds and widths), that 37in. of warp 
in the reed will produce 36in. of cloth in the loom. It 
fe therefore not surprising to find the fabric in many 
instances from IJ to 2 per cent, too wide, incurring a 
c6rrespoji^ing waste of warp and weft ; and in others 
that the tenter has great difficulty in keeping the cloth 
out to the proper width—indeed in many cases fails 
entirety to do so even at the expense of the quality of 
th^ cloth. 

Since it is impossible to formulate a rule which would 
be ofggeneral ajjplication, exp^ience must be looked 
•to f8r guidance in this respect, and in each factory the 
figure^and other data relative to each class of fabric 
in i*ts various stages should be carefully collected and 



46 WARP AND WEFT SETTS AND PORTERS. ^ 

tabulated for iuture reference and gui'dance. When 
analysing any new or unusual fabric there are ipeans of 
experimentally determining, to a high degree of approxi¬ 
mation, the allowance to be made for contraction; 
these will be more properly referred to under the^ead 
of analysis, and in the meantime we shall con:lJne our¬ 
selves to stating such allowance as a percentagethe 
reed width. Contraction in length in weaving is 
practically analogous to contraction in width, but it 
should be observed that in finishing jute and linen 
fabrics the tendency is generally to increase the con¬ 
traction in the width, but to decrease that in the length 
of the piece. * * 

t 

If it be stated that the contraction in the width of a 
certain fabric is 7^ per cent., it is equivalent to saying • 
that lOOin. of yarn in the reed would in this case produce, 
(100 —7^) = 92^in.^of cloth. But threads per inch in 
cloth X cloth width in inches will equal the total 
threads in the cloth ; and if this be divided by the reed 
width in inches, the quotient m,ust be the threads py 
inch in the reed. This quotient being divided by the 
threads per split (two being assumed, unless some otl^er 
number is indicated), we obtain the splits per inch in 

• 

the reed. From this we proceed by either Rule XIII. . 
or Rule XIV. to find the proper sett of th«k reed. 
Arranging the above in proper form for reeds under 
group (fl)— 

Rule XV.— 

Threads per inth in cloth x cloth width tt inches x unit of nieasutetn enf 
Reed width in inches x threads per split ^ 

m. 

= Sett 0 /reed; 




JUTE AND LINEN WEAVING (CALCULATIONS). 47 
and for reeds under groijp (6)—• • 

RULEf XVI.— 

Threads per inch in cloth x cloth t^i dth in inches x unit of measurement 
Reed width in inches x threads per split x splits per beer or porter 

= sett of reed. 

Exafftple XXIV. —>Given three fabrics which count 
respectively 13, 70, and 37 warp threads per inch, the 
contraction from the reed width to the present con- 
»' dition is 7| per cent, in the two former cases and 5 per 
cent, in the latter case. Find the sett of the reed for 
the first two examples in the East of Scotland system, 
and for‘the last in the Belfast or 40in. scale. 


(l.) 


Appl 3 fing Rule XVI. for the first and lecond cases— 

• 13 X t32A% cloth width v 37in. _ 


100% reed width x 2 threads per split ;>' 20 splits per porter 
- iri2, say 11 porter reed. 

70 X 92^% X 37in. ^ . 

•(2.)* “ 100 % X 2x20 say 60-porter reed; 

and in the third case, applying Rule Xv.—• 


(3.) ^”jo0^^x~2~^^^^ splits, say 7°” reed 40in. scale. 

*The sett of all jute fabrics in the way of the weft 
is almost invariably indicated by the number of shots 
or*picks,per inch, although in some few exceptions, 
wRere the sett is exceptionally open, say three to six 
picks per inch, the practice of specifying the number 
of picks per 3in. is becoming more general. This practice 
has-been adopted in order to minimise the possibility 
,<if error in counting, for although the actual number of 
picks may be present in some parts, the average number 
•ver a large measurement may be greater or less than 
that visible on a single inch. The inch measure is 
also taken in practice for certain of the coarser linen 
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ft 

cloths, and while all weft setts^ as in warp calculations, 
have to be at least nominally reduced to picks per inch, 
yet in practice the sett of the weft in by far the greater 
majority of linen fabrics is indicated by picks per 
glass ; the recognised or standard measurement jjj this 
respect being ^^(jin. Whilst this measurement 
is convenient in several respects, it is too small^to Ibnd 
itself to accurate results, since an error of half-a-pick 
on the glass is practically equal to an error of three 
picks per inch. To avoid this inaccuracy other measure¬ 
ments, such as fgin. and f^in., are sometimes adopted 
in practice. The relation between these measurements 
has already been indicated, and it is clear that— 

Picks on the glass x 2*5 = picks on j}^*glass. 

'* •• ^ ~ >t ^ It 

Although these measurements are adopted for practical 

reasons, “picks per glass ” must always be understood, 

to indicate the number per ^V^yin., the actual number 

per inch being obtained by dividing the picks per glass 

by the size of the glass, thus :— 

Picks per glass ... . , 

--- picks per inch. 


200 


200 


i.e., picks per glass x = picks per iiTcli. 


% 


Contracted methods are sometimes used to express 
the sett of the fabric ; but as these have generally only 
a local meaning and application, and are unknown 
in other districts, their use should be discouraged exCept 
under circumstances which do not permit of their beini* 
misunderstood. Thus the expression* that the sfttjof a 
fabric is tVq will in certain districts only convey the 
meaning that it was woven through a 7" reed, 40in. 
scale, with 9 shots on the glass. 



CHAPTER IV. 

Warping Calculations. 

O NE essential object of warp and weft calculations is 
to determine the necessary quantity of yarn to pro¬ 
duce a definite amount of a given fabric?. This quantity 
may be expressed in a variety of forms, but it is usually 
most convenient to state it in terms of the unit by which 
the yarn is sold. Jute yarns are sold both by weight and 
•measure, consequently quantities of this yarn may be 
expressed in pounds avoirdupois or in^pyndles of 14,400 
yds. according to which happens to be the more suitable 
form. Dry spun flax yarns should be expressed in 
s4)yndles of 14,400 yds.; wet spun or lea yarns in 
bundles of 60,000 yds.; and cotton yarn in pounds.* 
•In addition to finding the quantities, it is in many 
cSses necessary to find the counts or the length of the 
yarn. All warp find weft calculations may ultimately 
be reduced to a formula which involves only three terms 
—count of yarn, length in yards, and weight in 
, 4 X)unds. In any yam these three terms maintain a con¬ 
stant Relationship, and given any two of them, the third 
^an ^)e determined by simple calculation. 

In qiifl warping, which is yet extensively practised 
in the jute industry, and which, for the production of 
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some classes of striped warps, is not likely to be wholly 
superseded, calculations are usually limited tQ deter¬ 
mining— 

{a) The “ rounds ” or revolutions of the mill necessary 
for a given length of warp. ^ ^ 

{b) The “ bouts ” or full traverses necessary for 
k given number of splits or threads. ^ 

(c) The position or positions at which should be # 
placed the cutting-keel mark for the weaver’s guidance. 
This mark represents a length in terms of “ rounds ” 
and “ spokes.” 

The rounds in»(fl) are found by dividing the length of 
the warp in yards by the circumference of the*mill. The 
length of the warp is fixed according to the requirements 
of the manufacturer, and is sometimes limited by the 
capacity of the loom beam ; while the circumferefice * 
of the mill usualljj varies between lo yds. and 13 yds., 
and is subdivided into spokes by bars, which are placed 
parallel to the axis of the mill and about 15in. apart. 
Thus a 12 yd. mill may have 28 subdivisions or spokes? 
an(f so on. The necessary bouts or traverses are 
determined by the total number of threads^ or splits 
required, and the most suitable number of bobbirife 
which may be placed in the bobbin bank or creel. The 
capacity of the latter is usually 72 bobbins, although the 
working limit seldom exceeds 65 bobbins. Warps fr^ 
grey yarn are invariably made direct from the spinning 
frame bobbins. If, however, coloured thread| are 
required in th^ warp, the original yarn ?s first reded ftito * 
hanks, bleached if necessary, dyed to the propef shades, 
and then rewound on to larger warping bobbins. * 
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Orders for jftte warps or chains are djawn out some¬ 
what af Jer tfie following manner : 10 chains, 256 splits, 
525 yds. (37in. measure), 5 cuts, 91b. warp, cotton 
selvages extra ; 12 chains, 200 splits, 420 j^ds. (37in. 
measure), 4 cuts, 8|lb. double warp, twist selvage extra. 

The former of the above indicates that there are to be 
10* chains or warps, each containing 256x2=512 
threads, by 525 yds. long of 37in. each (525 x ij|in. = 
540 yds. approximately), and that each chain is to be 
keeled or marked for 5 cuts; 10 chains x 5 cuts = 50 
cuts in all Three or four cotton threads are to be put 
in extra for each selvage. In the second case, which is 
double warp, there are 12 warps, each containing 200 
splits X 4 = 800 threads, by 420 yds. long of 37in. each 
(420 X ^^in. = 432 yds. nearly), and each chain is to 

be keeled or marked for 4 cuts ; 12 chains x4 cuts = 

• 

48 cuts in all. Three twist jute threads are to be put in 
extra for each selvage, indicating tfiat the warps in 
question are intended for coarse fabrics—probably 
twilled sacking or D.W. bagging. 

In warping it is seldom that an entire chain is “ laid ” 
upon the mill at one time. This is due to the fact that 
as layer after layer is wound upon the mill, the cir¬ 
cumference of successive layers is gradually increasing, 
and therefore tending to slightly augment the actual 
length of the successive layers. This, if carried to any 
great extent, would result in ti^ht and slack portions 
of the warp, and therefore an., unsatisfactory beam. 
To a.oid such a^ie^lt it is custoinary to take the chain 
off in parts, which may be either halves, thirds, quarters, 
pr ocher suitable portions of the complete warp.. ^ 
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parts should, of course, except in specfeilly-indicated 
cases, consist of equal portions of the warp*. 


In the former of the above examples, each chain 
would be warped in two parts of 128 splits (256 threads) 
each ; 64 bobbins would be placed in the bank, apjlp^wo 
bouts would be run for each part, or four bouts in all. 
The cotton threads would be run in with the fu>t half 
bout of each part. Assuming a 12 yd. mill, then— 

j ^^^-~21 = 45 rounds of the mill necessary, and 
""^cut^” = 9 rounds of mill per cut. * 

V • 

In the second case the chain would be warjied in three 

parts. splits per part, or apparently 

« 

2 parts X 67 splits, and 1 pqrt x 66 splits. • 


This example rdfers to double warp, in which two 
threads are to run together as one; it is preferable to 
warp such chains with an even number of bobbins in the 
bank, or 1 part x 68 splits and 2 parts x 66 splits. For 
part No. 1, 68 bobbins wpuld be banked (-\^ = 17 splits) 
and two bouts would be run; then for par<ts Nos. ^ 
and 3, 66 bobbins would be banked and two bouts run 
for each part. The twist threads could be run in with 
the first half bouts of parts Nos. 2 and 3. 


If a 10 yd. mill, with 24 spokes or subdivisions, be used, 


then- 


^^321 vds ^ 

10 yd^min ”^^^ rounds, or 43 rounds, and 5 spokes' 

*necessa^ for the full length of the chain. 


4 
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• 

both chain w^fping and in dressing. Ifl the latter the 
length is given as 108 yds. (105 xf| = ld7*9J7, prac¬ 
tically 108 yds.) When woven, the cloth produced is 
approximately 100 yds. long, and this length also affords 
a ready means of determining the spyndles of warp in 
the chain from which the weight can be redlffiy cal¬ 
culated. • 

The spyndles only for 108 yds. are found as below - 
256 splits X 2 X108 yds. _ 256 splits x 3. • 

T4.400 200 

The result after cancelling shows clearly that every 
example of single warp—t.^., of two threads per split— 
will work out hi the same manner—• 

Splits X 3 '* 

“ 200 “' 


—>when the laid length is 108 yds. But multiplying by 

3 and dividing by 200 is equivalent to adding ona-hajf 

to the splits and putting in two decimal places. Thus :-r- 

256 spUts X 3 _ 768 _ . 

200 ■“ 200 “ ^ spyndles , 


and 256 splits+ 128 splits (half of 256) = 384, which, 
after introducing two decimal places, gives the same 
value as above-—viz., 3*84 spyndles per cut of 108 yds. 
3 •84* spyndles X 5 cutsx91bs. per spyndle=?172-8(ibs. 
per chain, as compared with 172.661bs. found by tb? 
other method. (The difference is, of course,- accounted 
for by the slight increase of the l^d length—^108 yds., 
as compared with 107*917 yds.) * • 

In the case of double warp, where there are alwa^^ 
four threads per split, it is obvioife that the qtantity 
will be twice that of a similar single warp example; 
also that in cancelling out in a similar mann€r the 
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» 

result will always be which is equivalent to 

multiplying by 3 and putting in two decimal places. 


Given a case in which threads and not splits are 

stated, then— 

Threads x length in yards 
. — Ya?(k^ sp^le - = sPy»<Mes. 

Assuming that the length in question is 108 yds. 
•there is— 

Threads x 108 threads x 3 
IMOd “ 400 ’ 

which b clearly equivalent to deducting a quarter 
from the.number of threads and then introducing two 
decimal places. Thus— 

780 threads x 108 yds. 

, Tmoo ■ - 

and . 780 — J of 75o, 

780 - 195 = 685,, 


= 5*85 spyndles, 


or 


or 5*85 spyndles as above. 


If it is preferred to treat threads instead of splits, then 
100 threads x 144 yds. = 14,400 yds. 

= one spyndle 

—y., 100 threads x 144 yds. = 1 -00 spyndle. 

Heace any number of threads 144 yds. long, with two 
decimal points inserted, gives the spyndles. Thus, in 
the previous example— 

200 splits double warp = 200 x 2 x 2 = 800 threads. 

* 800 threads 144 yds. = 8 *00spyndles. 

800 „ 108 „ =8.00^iof 8-00. 

^ • * = 6*00spyndles. 

For linen weaving the process of mill warping is 
almosT wholly superseded by the more suitable process 
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» C 

of beam warping. Small quantities of^ complicated 
striped warps can, however, be most economically pro¬ 
duced by means of mill warping or by sectional warping. 
In these cases only a small number of bobbins is 
required, say sufficient for one or more repea^ of the 
pattern; while in the case of large patterns of a 
symmetrical character, bobbins may only be required 
for half the pattern. In preparing striped patterns 
by means of beam warping, the simplest method, where"' 
it is practicable, is to place the white and coloured yarns 
on different beams, one beam for each colour,!.if possible ; 
if not, two or more colours on the same beam. This 
can be done whenever the maximum number of coloured 
threads equals the capacity of one, two, of more of the 
beams. This method, however, has its limits, and in a 
great many cases it is ‘necessary to give each beam its 
proper share of the pattern. " 

f 

Taking a case in which a warp of 1,996 threads, 
1,600 yds. long, is to be warped on 4 beams : The 
pattern is 20 threads blue, 4 white, 2 red, 4 white, 2 
red, 4 white. It is evident that the blue yarn is the 
ground colour, and it is usual to so arrange the pattern 
that when read from selvage to selvage it wiE begin ^nd 
end with half a ground stripe. Thus *• 


Blue. 10 10 = 20 

White.... 4 4 4 = 12 

Red. 2 2 =4 


36 threads in pattern,.,^ 
This is one of the commonest way^ of represeijting the 
pattern, and it shows at a glance the charattei^^of tjie 
stripe. Another way of representing the sam^ pattern 
is the following - 
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Blue...!.. 10 0 0 10 = 20 

Whittf_ 4 4 *4 =12 

x«ed. 2 2 0 ='4 


3G in pattern. 

Should there be more than an equal number of 
repeats ^of the pattern in the total threads required, 
the common practice is to add half the surplus 
to each, selvage, provided this surplus is not a large 


number. In the above case 20 + 4 + 2 + 4 + 2 + 4 = 36 

j , , 1,996 threads , 

threads per repeat, and 35 rep^ t “ patterns and 

16 thready over, 8 of which have to be added to each 
selvage.* The completed pattern would therefore read 


Blue .... f. 8 

White .... 

Red. • 

Selvage, 


10 10 
4 4 4 
2 2 


55 repeats. 


8* = 1116 
= 660 
= 220 


Selvage. 1996 threads. 


If, however, as in the case of«ome large patterns, the 
Surplus is great, then the pattern must be continued to 
the right and the left of the complete repeats, in all cases 
leaving the ground colour at each selvage. For example, 
the following distribution would be suitable for a pattern 
of 112 threads and a warp containing 2,670 threads % 




2,670 threads 
112 per repeat 


= 23 repeats and 94 over. 


Gr«y..l5 16 
‘•White. 4 8 
Red .. 2 2 


16 4 4 8 4 4 16 

8482222848 
.2 2 2 2 


16 16=1350 

8 4 =1128 

2 2 =192 


Selvage. 


23 repeats. 


Selvage. 2670 


Tiie abov^ methods are only suitable where the whole 
jjf the warp goes on one loom beam. For wide ticks 


and siiqilar fabrics where the width requires two or more 
beads, it*is clear that some slight modification must be 


observejJ in order to make the pattern continuous ^om 
beam to beam. 
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The bankingfrorder for the various colours is deter¬ 
mined in different ways; one method is as follows : 
A table may be set out in which the first vertical column 
shows the colours in their proper order when read from 
top to bottom. Should the threads in one r^at of 
the pattern not be a multiple of the number of beams 
employed, then the pattern must be repeated until the 
total threads in two or more repeats become a multiple 
of the beams employed. Succeeding columns are set 
apart according to the number of beams, and the threads 
of each colour divided on each beam in regular succes¬ 
sion, as indicated below :— 


Pattern as in 
Cloth. 

Beam 
No. 1. 

Beam 
No. 2. 

Beam* 
No. 3. 

Beam 
No. 4. 

10 Blue . 

* 

3 

3 

2 

2, 

4 White . 

1 

1 

1 

1 

2 Red . 



1 

1 

4 White . 

1 

1 

1 

1 

2 Red . 

1 

1 



4 White . 

1 

1 

1 

1 * 

10 Blue . 

2 

2 

3 

3 



A 


« 





■C-- 


The banking order for the beams would therefore be*^ • 



Blue 

White 

Red 

White 

•Blue 

Beam No. 1 .. 

3 

2 

1 

€ 

1 

2 

2 

f 1 2 . • 

3 

2 

1 

1 

« .. 

2 

1 


2 t 

‘ aS 

»» 4 .. 

2 

1 

1 

2 

3 * 

i 

-1 


with an additional four threads of blue at the beginning 
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of each beanj in order to^make up the total number of 
threads. ^ From the above table it will be observed 
that Beams Nos. 1 and 2 are exactly alike in order, as 
are also Beams Nos. 3 and 4, but further observation 
will show that the order of colouring on Beams Nos. 3 
and 4 is, when read backwards, the same as the order of 
colburin^ on Nos. 1 and 2 read forwards. This similarity 
enables the one banking order to be used for all 4 
* beams, for at the dressing machine beams Nos. 1 and 2 
would be plated at one end, while beams Nos. 3 and 4 
would be placed at the other. In so doing the pattern 
in the two latter beams is reversed, or arranged back¬ 
wards, flius enabling the threads from the several 
beams to bS drawn through the leasing heddle or reed 
in proper order. The final arrangement would be as 
follows :— • 


Beams 

Blue 

White 

Red 

White 

Red 

White 

Blue 

No. 1 

3 

1 

0 

1 

1 

1 

2 

• .. 2 

3 

1 

0 

1 

1 

1 

2 

.. 3 

2 

1 

1 

I . 

0 

1 

3 

4 

1 

2 

• 

1 . 

1 

1 

0 

1 

3 

fli 

10 

4 

4 

2 

4 

2 

4 

10 


All symmetrical patterns may be treated in a similar 
manner. One-sided patterns usually require special or 
*Tndividual treatment which it i| not possible to reduce 
to aivJlhdefined fhle. 

>. In c^culating the actual quantity of linen yarn jised, 
to find the weight:— 
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Rule XVIII,— 

Splits X threads per split x l&ng th in yards ^ 
count of yam x yards per lea “ 

weight in lbs. 

And to find the bundles :—> 

Rule XIX.— * 


Splits X threads per split x length in yards 

^ds~pef bundle (607000)' -onndtes. 

In addition to the above general method of obtaining 
the quantity in bundles, there is the particular method 
somewhat analogous to that described for jute. Thus :— 
1,000 threads x 60 yds. = 60,000 yds‘. • 

, . =1 bundle. , 

1,000 threads x 60 yds. = 1 ‘000 bqndle. 

Therefore for all warps of 60 yds. length it is only 
necessary to put down the number of threads and mark 
in three decimal points, multiples or fractional partf of, 
60yds. being treated proportionately. Thus, a warp of 
1,842 threads, 70 yds. long, contains— 


1*842 bundles for 60 yds. 
0*307 „ 10 .. 

2*149 „ 70 „ 


In beam warping the following additional points 
require consideration:— e. 

{a) The necessary number of bobbins of each colour : 
{b) The length of the warp; • 

(c) The capacity of a warping bobbin ; ^ ^ 

{d) The fact that when working with wet spun or le^^ 
yarns the smallest subdivision of yam which can be 

V C* ^ 

conveniently wound upon a bobbin is one lea of SOO 5^ds. 
and in flax or dry-spun yarns one heer of 600 yds. 

, An ordinary warping bobbin with 4in. flanges ^nd 
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5in. barrel can* hold approximately 11b. pf yam. From 
this fact a good general guide may be taken that the 
bobbin will hold as many leas as the number of the yam 
indicates (the capacity of the bobbin increases‘slightly 
with the counts). Thus, if dealing with 20 ’s lea warp 
it may*be assumed that 20 leas of 300 yds. each, or 
6,000 yds. of this yarn, can be wound upon the bobbin. 
In the ^ase of flax yarn it is, of course, necessary to find 
• the equivalent lea count—^.g., 21 b 3 . flax = ^^®- = 24 lea. 
Therefore, 24 leas, or 12 heers of 600 yds. each— 
7,200 yds.j or half a spyndle—of 21bs. flax yarn can be 
placed *upon the bobbin. A much smaller bobbin 
is used for the higher counts. • 

The length of the warp mentioned in connection with 
the distribution of the threads on four beams was 
indicated as 1,600 yds. Assuming that the yarn is 
•30’f lea, then the total number of bobbins of each 
colour is found as follows :—• • 


Blue 10 10=20 X 55 repeats= 1100+16= 1116-i-4= 279bobbins 

White 4 4 4 =12x55 „ = 660 = 660 + 4=165 „ 

Red 2 2 = 4 x 55 „ = 220 = 220 + 4= 65 .. 

* But each bobbin has to run four beams, or 1,600 yds. x 

4 = 6,400 yds. 

• « 6,400yds. u uu- 

• 300^T^iiT5i “ 21i leas per bobbin. 

21 | + | for waste- and shortage allowance = 22 leas of 
yam A^hich the winder is instructed to run upon each 


lea 


bolfbin. Tnis allowance, x 100 -3 per cent. 

•• 

practically, is generally sufiicient to make for winders*, 
^arjArs’,*and dressers’ waste with good yarns, although 
with inferior yarns and those of low numbers it^may 
be flecessary to allow up to 6 or 6 per cent. As the 
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above yarn is BO'S lea, no difficulty would bejexperienced 
in putting the requisite quantity on each bobbin! 


Total quantity of colour required = 

T?i 279 bobb i ns x 22 leas per bobbin x 300 yds, per^ _ 
60,000 yds. per bundle. 9 ” 

30 • 69 bundles, or 30 bundles, 138 leas. ^ 

= 18*15bundles,or 18 bundles,^0 leas. 


.. 165 X 22 X 300 
White— 


Red 


60,000 
55 X 22 X 300 


= 6*05 bundles, or 6 bundles, 10 leas. 


60,000 

30.69 +18.15 + 6.05 = 54.89, or 55 bundfes in all. 

The weight o{ this quantity, assuming for simplicity 
that the yarn has undergone no alteration in weight 
during the bleaching and dyeing processes, would be 
found as follows : 55 bundles x 200 leas per bundle = 
total number of leas. SO’s lea indicates 30 leas jper 
pound. 

. 55 x200_ 1,100 


Hitherto it has been assumed that the warper’s 
beams—of which there are four—‘Will each hold one?- 
quarter of the total warp, or 1,996-^4 = 499 ends, each 
1,600 yds. long. That the beam will. do s<\ depends 
entirely upon its cubical capacity and the density with •«. 
which the yarn is pressed upon it. The. absolute 
density of jute and linen fibres can easily be deteAnined 
to be considerably over that of water, 1 *3 beisg gener|Jly 
accepted as a close approximation to the absolute, 
density. No yarns, however, approach this 4®*isity 
under working conditions, even in the thread itself and* 
far lejis upon a warper’s or loom beam. Investigations 
into numerous examples have proved that the density 
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in the Beam, condition v^es from 0*4&in the case of 
undressesi jute warps to 0«60 in dressed linen warps. 

Tubes of yarn beams are usually about Sin. to 7in. 
diameter, while the flange diameter varies from 
12in. to^iein., in the case of linen looms, and from 20in. 
to 26in. in the jute industry, the distance between the 
flanges ^being, of course, variable. Given the above 
dimensions of any beam, its cubical capacity can be 
* readily calculated by the following formula, and there¬ 
fore the quantity of yarn determined which it is capable 
of contaming at any given density 
Let D = diameter of beam flange in inches. 

= diameter of beam tube in inches. 

» 

^ = length between flanges in inches. 
c = cubical contents. 

•Thfti c = D* J . l-d^ -J . I 

4 4 

= f. I (D‘-d^) 


= -j. l(D+il)(D-d) 

If we assume that the tube of a certain beam is 
6in. diameter, the flanges 12in. diameter, and the 
distance ’between the flanges 36in., then the cubical 
* canacitv of such a beam will be 





X 36 (ly- 6") ; 
x36 (12+^6) (12-6) 


= 0.^864x36x18x6 
= 3,063*6 cub. in. 

Now# 1 cub. ft., or 1,728 cub. in., of water weigh 
62ilbs.; therefore the above beam would, hold 
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62ilbs.x 3,053 • 
1,728 


110*41bs. of a lubstance whose density 


was unity, or equal to that of water. But since the 
density of the warp upon the beam varies from 0*45 
to 0*60, or an average of, say, 0*5, it is evident that the 
beam will hold only 110*4x0‘5 = 55*2lbs. of yaA. 


Diameter 

of 

Beam Flange. 

Cubic Inches per 

Inch Width of Beam 
between Flanges. 

• 

Weight in founds 
per Inch Width 
of Beam between 
Flanges, with 
D€aisity=0*5. 

12 

84-82 

9 

1-53 

13 1 

104-46 

1-89 

14 

125-66 

.2-27 

15 

148-44 

2-68 

16 

172-79 

3-12 

17 

198-71 

3-59 

18 

226-20 

4-09 • 

19 

255-26 

4-62 

20 

* 285-89 

5-17 

21 

318-09 

5-75 

22 

351-86 

6-36 

23 

387-20 ■ 

7-00 , 

24 

424-12 

7-67 

25 

462-60 

8-36 

26 

502-66 

9-09 

• 

• 


In the preceding table are given the cubic inches per 
inch width of beam, and the weight in pounds Vhich 
a beam will hold per inch of width between ^he flanges. 
This is based upon a tube of Gin. diameter, flanges from^ 
12in. to 26in. diameter, and a density of yam equal to 
0*5. The values for other densities will be*diitctly, 
propojrtional. Thus a beam which measures 45in. 
between the flanges and in which the latter are Sftin. 
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diameter, will contain^ approximately 7*67x45in. = 
345*15libs. of warp. If the 366flbs. of warp in the 

above warping example were required on beams whose 

« 

widths between flanges were 36in., there would be 


366*66lbs. • u X 1 . -jx!. 

— 3 0 in ' • “ lO'lSlbs. per inch of beam width. Hence 

this quantity could be placed on two beams with 20 in. 
flanges, or on four beams with 15in. flanges. For 
example 

With 20in. flanges = l®3*331bs. per beam, 

« 

while Capacity of beam = 5 • 17lbs. x 36in. = 186 • 121bs. 
With 15in. flanges =91*661bs. per beam. 

and capacity of beam = 2 -GSlbs. x 36in. = 96 •481bs. 

Should the density be 0*6 instead of 0*5, the capacity 
of*the beam in the latter case would be ;— 


96*48 X 0*6 

0:5 


115.77!bs. 


Two further examples in warping calculations might 
•be stated as follows : It is required to make— 

1. A 36in. warp of 1,320 threads, 1,600 yds. long, 
from 2ybs. bleached flax which has lost 15 per cent, of 
its weight in bleaching, but gains 74 per cent, of its 
bleached weight in the dressing process. 

2. A 76in. warp of 6,156 threads, 2,000 yds. long, 
frflm 60’s*lea, less I 24 per cent, lost in creaming, plus 
6 per cent, of its creamed weight during dressing. 

%€ following particulars of the above are required :— 

(a) The number of warper’s beams, with threads and 
leflgth on each beam. 
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« 


{h) The number of bobbins required and the quantity 
on each bobbin. * * 


(c) The total quantity of yarn required. 

(<?) The necessary number of loom warp beams, with 
threads, length, and weight of warp on each. ^ 

For case No. 1. four warper’s beams will be most 
suitable. This permits of an equal number (tw(i) being 
placed at each end of the dressing machine; it also 
gives a suitable number of threads for the warping bank 

or creel:— 

1,320 threads 
4 beams 


= 330 threads per beani. 


The warp on each beam must measure the full length, 
1,600 yds., plus a dresser’s allowance of, say, t per cent.; 
1,600 +16 = 1,616 yds. on each beam. The total number 
of bobbins required will.be 330, provided each bobbin 
can bold four times the length of warp to be run on each * 
beam— i.e .:— • 


1,616 yds. X 4 beams = 6,464 yds. per bobbin. 

= (calculate4 

length.) 

10*77 beers per bobbin (calculated length), 

0*23 heers for waste (approximately per cenf) • 


11*00 actual quantity of heers per bobbin required. 

Eleven heers of 2Jib. flax = 2*251bs. x oj a spyndJe 
= l*031bs., which can easily be put on the bobbin.^ 
Where the apparent quantity per bobbin exceeds the 
capacity of the latter, it is necessary^ to utilise 3dlible^ 
the number of bobbins and to put half the quantity 
on each. The bobbin bank then requires to be filled 
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twice. The total quantity of warp required is found as 
follows ^— * * 


11 heers per bobbin x 330 bobbins 


= 151J spyndles. 


24 heers per spyndle 
The number of loom beams is determined by a con- 
venientf subdivision of the total length of warp and the 
capacity of the beam. In the present case four loom 
beams Vith 400 yds. upon each would be a satisfactory 
arrangement. The weight of dressed warp on each 
loom beam jvould be 


1,320 threads x 400yds. x 2-25lb. per spyndle x 85 x 107’5 ooiu 

. * 14,400 “ x"“ lOOx 100 

% loss % gain 

• in 

bleaching, dressing 

The complete warping particulars would therefore be 
stated as under :— 

Four warper’s beams, 330 threads, 1,616 yds. on 

each. 


(&) 330 bobbins, 11 heers on eacfi bobbin, or 11 x 
600 yds. = 6,600 yds. per bobbin. 

^ (c) 151J spyndles. 

(d) Four loom beams, 1,320 threads, 400 yds., 
7p*38lbs. each. 

• With reference to subdivision (6) it must be under¬ 
stood that 11 heers is the quantity which the winder is 
instructed to allow for each bohbin; but since allowance 
is made in this quantity for winding and for warping 
waste, it is presumed that slightly less than 11 heers 
w^ be actually wound on th4 bobbin. It must also 
be »mQmbered fhat after the four beams have been 
warped, there should still remain a small quantity of 
yam on each bobbin; there should always be a suffi- 
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cient quantity^ above the calculated ledgth to prevent 
them running off before the finish of the warp. These 
small quantities are therefore rewound on to a number 
of bobbins, labelled, and placed on one side, to be used 
when warps of the same quality and colour are again 
prepared. This number of bobbins must 'then be 
deducted from subdivision (6), and, of course, a corre¬ 
sponding reduction of quantity in subdivision (c) 
will be given out. 

In case No. 2, where the warp is so wide .that the loom 
beams will be in two sections, twelve warper’s beams 
will be the most convenient, since this permits an even 
number of beartjs (six) to be used in the dressing machine 
for each section or half of the loom beam :—‘ 

~i^~b eams^^ = 513 threads per beam. 

2,000yds. +1 per cent, for dresser’s allowance = 2,020 yds. 

2,020 yds. X12 beams , u uu- / i i 4 . 

—“j-leas per bobbin (calculated 

300 yds. per lea. ® ^ ' 

length). 

80| leas per bobbin (calculated length). 

1^ lea for waste (approximately 1J per cent.). 


82 leas, the actual quantity required per bobbin. 

But since 82 leas is too much for one bobbin, it woqld 
be necessary to wind the yarn in two. lots. If all the'’ 
threads were cut down and replaced by the secon^ set of 
bobbins immediately after the completion of half the 
beams, there would be:— ' ‘ 

513 X 2 = 1,026 bobbins, each with 41 leas of yarn. ^ 
If the second set were put in tha bank as. tii^ first 
set runs off, there would be :— 

t 513 bobbins, each with 42 leas, or 3^ hanks, and , 

613 „ 40 3| .. 
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This latter method facilitates the wiii(iing, and causes 
a minimum ‘amount of waste; but on the other hand 
it hinders the warping process to a considerable extent, 
and causes a large number of knots to be more or less 
in one place. Both methods are used. In either case 
the resist is equal to :— 

1,Q26 bobbins X41 leas , ,, 

200 ~ l i5 s ' ^ to5dii~ = ^^<’* 210 bundles 


66 leas. 

Four loom beams, or 8 halves with 


6,156 


= 3,078 


threads, 5QP yds. on each, would probably be the most 
convenient arrangement in this case, and the weight of 
dressed v^rp on each section would therefore be :— 

3,078 threads x 500 yds. x 87-5 x 105 


300 yds. per lea x 60 leas per lb. x 100 x lOO 


=78-5515. 


c^icrease increase 
in in 

creaming, dressing. 


The complete particulars for case No.£ are therefore:— 

(a) Twelve warper’s beams, 513 threads, 2,020 yds. 
on each. 


•(6) 1,026 bobbins, 41 leas on each, or 41 x 300 yds. = 
12,300 yds. per bobbin. 

(o) 210J bundles. 

(d) Eight half loom beams, 3,078 threads, 500 yds., 
78>55lb^. each. 



CHAPTER V. c 

Warp and Weft Calculations. 

f • 

I T has already been stated that the three chief terms in¬ 
volved in all yarn calculations—viz., the count of the 
yarn, the length in yards, and the weight in‘pounds— 
maintain a constant relationship ; and given any two of 
them, the third can be easily determined. Of these 
terms probably the one which is most usually unknown 
in practice is the last— i.e., the weight of the yafn in 
pounds. But ifi the last two examples, XXV. and 
XXVI., it has been shown in particular cases how this 
term may be found for flax (or jute) and for linen (or 
cotton) yarns. Thus, in the former case, for any grey 
yarn the case may be generally stated by 

Rule XX.— 

The length in yards x count {pounds per spyndle) ' 

Yards Per spyridle ~ 

m 

weight in pounds ; or 

The length in yards y. count {pounds per sfondle) =^afds 
Per spyndle x weight in pounds. 

If, therefore, the count and the weight of aJty jute 
'or flax yarn be given, it is obvious that the length in 
yards can be found by the following rule :— *■ 



JUTE AND LINEN WEAVING (CALCULATIONS). 7I 

Rule XXI.-s- 

• • 

Yards peg sPyridley. weight in Pounds . , 

Also that given the length in yards and the weight 
in pounds, the following rule gives the count or pounds 
per spyn^le :— 

Rule XXII.— 

Yards Per spyndle x weight in Pounds ,, . . , 

.- Thimsth in yards -= 

e per spyndle. 

If the length in yards is not expressed directly, it 
must be Calculated from the facts given. Thus :— 

Example XXVII. —How many yards of a warp of 
1,152 threads can be made from 42|lbs. of 31b. flax 
yarn which has been reduced 15 per cent, in weight by 
bleaching ? Assume a loss of 4^r cent, in the various 
preparatory processes of winding, warping, and dressing. 

Since the yarn in its present condition is only 100 — 

15 = 85 per cent, of its original, or grey, weight, clearly 

thiit weight must have been — —^ = 50lbs. ; 

but if a loss of 4 per cent, is incurred in the preparatory 
processes, the actual quantity of yarn which enters the 

warp wiU be equivalent to = 481bs. of grey 

warp. But 481bs.-i-Slbs. per spindle —16 spyndles, or 

16 X :^4,400 yds. = 230,400 yds. Now, in the warp there 

aje to be 1,152 threads, therefore, 

. 230,400 vds. , 

•• yds. of warp. 

The above working may be expressed in a siqgle 
calculation based upon Rule XXI. Thus :— 
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42‘5lb. X lOOf X 96 X 14,400 yds. per spfyndle 
l,152thds. X 85 x lOO x 31b. pdir"spyndle ^ ^ ® 


%.loss % 
in waste, 
bleaching. 


I 


Example XXVIII .—It may be necessary to determine 
the count of the jute yarn composing a warp of 880 
threads, 540 yds. long, and weighing 346^1bs., to wljich 
5 per cent, of size has been added in the dressing process. 
Since the weight of the warp has been increased by 5 
per cent, of its original weight, or in effect has become 
105 per cent, of that weight, obviously the grey weight 
will be found as follows :— 




346ilbs. X 100 
105 


= 3301bs. 


But 880 threads X 540 yds = 475,200 yds., the total 
length of the warp; , and since 330lbs.-r 475,200 yds/ 
would give the weight of 1 yd., this quotient multiplied b»y 
14,400 yds. givei the weight of one spyndle = lOlbs. Or 
arranged according to Rule XXII. :— 


346‘5lb. X 100 X 14,400 yds. per spyndle 
105 X 880 threads x 640 yds. 


= lOlbs. per sp 3 mdle. 


Whilst the foregoing rules are applicable to flax and 
jute yarns, other formulae are necessary for lea and cotton 
yarns, and for all those yarns whose counts are inveisely ^ 
proportional to their cross-sectional areas or weights. 
On page 13 it is shown that the count‘may be 
determined when the length and the weight of the yam 
are given, and in Example XXVI. how the weight may 
be calculated when the length and the count are known. 
From these it can be deduced that the length in ^ards^x 
unj.t of weight = weight of yarn x unit of length x count, 
and therefore that— * 
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Rule XXIII.— • 

The len^h in y ards x unit_of weight 
Unit of len^h x count 

Or that ^ 

Rule XXIV.^ 


= weight of yarn in 
Pounds. 


The^ length in yards x unit of weight _ , 

Tfi weight of yarn x unit of length ~ ^ ‘ 

• And further that 
Rule XXV.- 

The unit of length x count x weight in pounds 
The unit of weight 
• =the length in yards. * 

In any single example it is necessary to express the 
weights in similar terms. Thus, while the unit of weight 
is generally 11b., it may be necessary to express this 
weight in grains, ounces, or other subdivisions, according 
to the manner in which the weight of the yarn is stated. 

Example XXIX .—Required the length in yards of a 
cotton warp containing 1,600 threads of 8's cotton, and 
weighing 991bs. The yam lost 10 per cent, weight in 
bleaching, but increased by 10 per cent, of its bleached 
weight in dressing. It must be distinctly remembered 
that the increase of 10 per cent, on the bleached weight 
is not equivalent to the decrease of 10 per cent, from 
the grey; consequently, the increase in dressing does 
not balance •the loss in bleaching. Each percentage 
nj^st therefore be treated separatdy in the calculation. 

If th» dressed vieight is 991bs., or 110 per cent, of 

# • 

the bleached weight, then the latter must have been 

991bs. X190 - , ... • U 4 . • 1 * nn 

-j ■ =901bs. But as this weight is only 90 
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per cent, of th% grey weight, the latter must have been 


901bs. X 100 
90 


= lOOlbs. 


r 

Now in lOOlbs. of 8’s cotton 


there are 100 x 8 x 840 = 672,000 yds., which divided 
by 1,600 threads gives 420 yds. per thread. Or,^pplying 
Rule XXV., there are 
840 yds. X 8's x 99lbs. x 100 x 100 


lib. X 1,600 threads x 110 x 90 


= 42!t) yds. 


% % 
dressing. bleachit]|'. 


Example XXX .—A beam of creamed and dressed 
linen warp weighs 98lbs. and contains 3,200’ threads, 
each 500 yds. long. The yarn lost 12^ per cent, weight 
in creaming, but increased by 5 per cent, of its creamed 
weight in dressing. Find the count of the yarn. 


There are several wa'ys by which the above mj^ be 
reasoned out. First, the grey weight of the yarn may 
be found, and then Rule XXIV. applied. Thus 


981bs. X 100 X 100 
105x87.5 


106flbs. grey weight of yarn. 


Then 

3,200threads x 500yds. x lib. _ , . 

300'yds. per lea x i06§lbs. ® 


Second, the count of the yarn may be found in the 
dressed condition by Rule XXIV., and then increased 
and decreased to the creamed and the grey condition 
respectively, according to the respective perceirfages 
of increase and decrease in the weight of - the yarc. 
Irhus:— -v f. t. 

3,200 threads x 500 yds. 


= 54 - 8 -^- 




300r.yds. per lea x 981bs. 

condition. 


lea in the dressed 
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But since, the yarn lighter in the* creamed state 
as comjJared with the dressed state in the proportion 
105 to 100, the count must be higher in the proportion 
100 to 105; therefore the count in the creamed state 


IS 


KA 6 2 


105 


or 


8,000 105 


X 


= 57^- lea. 


100’ 147 '' 100 

In the grey condition, however, the yarn is heavier 
*than in the creamed state in the proportion 87*5 to 
100; hence vhe count in the grey condition will be less 
in the proportion 100 to 87 *5. Or 


571^ 


87-5 

100 ’ 


or 


"400 


87_.5 

Too 


= 5Qis lea grey. 


The above working may be stated more concisely 
as under:— 

3,200 X 500 X 105 x 87 • 5 . , 

. • “300 X 98 XToo X 100 “ ® 


j Weft Calculations .—‘To determine •the total length 
of weft in any given fabric only two facts are necessary— 
viz., the total number of picks or shots in the cloth, and 
the length of each pick. 

The first of these may be stated in a variety of ways— 
e.g;, picks per inch, picks per Jin., picks per glass, &c.; 
•but in all cases where a fractional measure is given, the 
first step is to reduce to picks per inch. Since the cloth 
length *is usually given in yards, it is then necessary to 
multiply th» picks per inch by 36 in order to obtain the 
picks per yard, and again to multiply by the length of 
the pie<^ in yards iij order to find the total picks. Having 
found the total picks, further multiplication by the 
length oi each pick will give the total length of the weft 
jn terms of the unit in which the length of each pick 
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was taken. Bift since this latter item is, like the width 
of the fabric, generally expressed in inches, ttfe result 
will be obtained in inches, and division by 36 would be 
necessary to have the length expressed in yards. Multi¬ 
plication and division by 36 cancel each other, ^wever, 
and it is usual to express this formula as follows : 
Picks per inch x cloth length in yards x length pi each 
pick in inches = length of weft in yards. (In some cases 
the length of the piece is given in yards of 37in. each, 
and in such cases it is, of course, necessary to multiply 
by 37 and divide by 36 to insure the length of Jhe weft 
being expressed in imperial yards.) 

Rule XXVI.—^Picks per inch x reed width m inches 
(including selvages) x cloth length in yards = total length 
of w'eft in yards. 

Further calculation \ViU, of course, be necessary, 
according as it is desired to express the result in units, 
of length or of weight. 

/ Example XXXI .—Find the spyndles of weft in 105yds. 
of 40in. hessian, counting 13 shots per inch, and measuring 
43in. in the reed. 


13 pick s per inch x 43in. x 105 yds . 
14,400 yds. per spyndle. 


= 4‘08 spyndles. 


-f Example XXXII .—What weight of weft is therein 
90 yds. of 24in, huck towelling, weft 2^1b. flax, less 15 per 


cent, loss in bleaching, 8 shots per glass, contraction 


from reed to finished width 10 per cent. ? 

Shots per inch. Reed width. 

(% shots per glass x 200^ /24in. x 100 

V Wl) ^ \ 90 


I) 


% con- ( 
tractirn. C 


90 yds. 

T4,bb6 


r2-51b. x85^ 1,700 

\ 100 / “ 111 “ 
% loss in 
bleaching. 


16.321bs. 

t 

I 


% 




* 



t 


JUTE AND LINEN WEAVING (CALCULATIONS). 77 

^ Example —Cg-lculate the quaatity in bundles 

and the Weight in pounds of weft necessary for 500 yds., 
37in. measure, of 38in. linen, counting 12 shots to the 
glass. Weft 65’s lea, Contraction from reed to loom 
width 5 j)er cent. 

Shots per inch. Reed wirith. 

. /12x200\ /38xl00\ /500x37\ 

^37 / ^ \ 95 ) ^ \ 36 / ^ 

" ^,000 yds. per bundl e = ^ 

Then 


22 • 22 bundles x 200 leas per bundle 


= 80.81bs. of weft. 


55 leas per pound 

Example XXXIV .—Find the weight of IG’s bleached 
cotton weft in 10 pieces, 80 yds. each, 70in. union damask, 
13 shots per glass, contraction from reed to finished 
width 8 per cent. The yarn lost 8 per cent, weight in 
Ibleaching. 

Shots per inch. Reed widtl^ 

/13x200\ /70xl00\ 

\ .37 / ^ \ “1)2 ■ / ^ 


/_ 80 y ds. X 10 pieces_ 

\;840 yds. per hank x 16 hanks per pound 

292.79lbs. 


92 

100 ” 


% loss ill 
bleaching. 


4n weft calculations no allowance should be made for 
contraction from, warp length to cloth length, but it is 
well t(? observe that the picks per inch, at any stage of 


the j)rocess^from loom to finished state, must be multi- 


j)lied by the length of the cloth in that stage, and in all 
cases by the reed width. 



CHAPTER VI. 

Calculations for Jute Fabrics. 

i) 

T O illustrate the method of determining .the yarns 
necessary for a given fabric, a few examples repre¬ 
sentative of the general types of jute fabrics will be 
worked out. The particulars given are not necessarily 
those of fabrics in actual work, although this may hap¬ 
pen, the object being to illustrate the principles involved 
in such calculations rather than to record facts concerning ‘ 
any particular cloth. 

/ This is probably the most largely manu¬ 

factured of all jute fabrics. It is a plain cloth, is made 
in practically all widths, and is used for an enormous 
variety of purposes. The standard make upon which 
prices are usually based is: 11 porter, 40in. wide, 
10|ozs. per yard, 13 shots per inch, chested finisli. • 
Lighter and heavier makes are made with suitable 
variations of the setts and yarns, the usual extremes of 
weight being about 6ozs. and 14ozs. per yard, 4©in. 
wide. In many cases no variation is made in the sett% 
of the fabric^nor in the count of the w^p, for an increase 
in weight above lOJozs., this being obtained by simply* 
changi/ng the weft; below lOJozs. per yard it usual 
to alter the sett as well as the yams. 
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Example X^XV .—H porter, 40in. kessian, lOJozs. 
per yard, 13 shots per inch finished. 

Warp, S^lbs. per spyndle = 9lbs. per spyndle dressed. 
Length of warp = 108 yds. Finished length = 105 yds. 
Reed i^gdth = 43^in. 

Warp. 

11 porter x 20 x 43|in. 

• 37m: 


= 258 splits. 


258 splits—4 splits cotton = 254 splits jute. 

258 splits X 2 threads per split x 108 yds. _ 

14,400 yds. per spyndle. “ 

* 3*87 spyndles. 

3*87 spyndles x 91bs. per spyndle = 3^-831bs. warp. 

In the above the assumption is made that the cotton 
yarn in the selvages will weigh the same as an equal 
quantity of jute threads. , 

■ “ - .8 ...lb., p., .u, yd,. 

68*911bs. — 34*831bs. of warp = 34*081bs. of weft 
necessary. 

Weft. 

13 shots X 434in. x 105 yds. . , „ 

— ^inrru \—- = 4• 12 spyndles of weft per 

14,400 yds. per spyndle 

cut. 

• 3l.081bs. of weft _ ,, r> x * n 

“iTlSTpjSaier =8.27lbs. per spyndle. But to allow 

for waste 8ybs. per spyndle weft will be used. 

4• 12 spindles x 8ilbs. = 35 •Q21bs. weft. 

34*831bs. warp + 35»021bs. weft = G9*85lbs. in all. 
69*85lbs. —68*911bs. =0*941bs. for waste, or about 
^ 1J p%r cent. * 

This,waste allowance covers only loss in weigljt due 
to weaving, and does not include the waste in quantity 
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by weaver, winder, or dresser, Jor which it is necessary 
to make allowance when estimating the cost. • 


Mangled Hessian .—^This is a fabric similar to the 
ordinary hessian, but differently finished. In some 
cases, exactly the same quality of yam is used^ whilst 
in other makes superior yarns are employed. When the 
length of the cloth is compared with that of the ordinary 
hessian made from the same warp, a slightly shorter 
piece is obtained; this is due to the above-mentioned 
difference in finishing, and for the same reason a smaller 
allowance for contraction in width is sufficient ,for the 

mangled hessian. 

• • 

Example XXXVI.—11 porter, 40in., lOJozs., mangled 
hessian, 14J shots per inch finished. Warp, 81bs. 
per spyndle = 8|lbs. dressed. Warp length = 108 yds. 
Finished length = 103 yds! Reed width = 42^in. • 


^ Warp. 

Splits. Threads per split. Count. 

/Ilx20x42i\ X 2 X 108 yds. x 8^1bs. 

V “37 / X 14,400 yds. per spyndle * 

warp. 

103 yds. X lO^ozs. ^ , 

Teb-iT^F^d =67-591bs. per cut of 103 yds. 

67 • 59lbs. — 32 • 22lbs. = 35 • 37lbs. of weft required. • 

Weft. 

144 shots X 424in. X 103 yds. . ,, r • 

“iMOOydiF^eTWndk “ 

cut. * * 

35*37lbs. of weft _ ,, . 

“4“4rspyh(^res~ =8-021bs. per spyndle, say Sflbs.^weft 

to allow for waste. 

4*41 spyndles x 8Jibs. = 36 •381bs. 

. 32.221bs. -|-36.381bs. = 68-601bs. 
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68*601bs. — 67*59lbs. = l*011bs. for waste allowance. 

9 * 

Tarfniiding .—This is a double warp plain fabric, 
and its weight is often based upon a width of 45in., 
although it is also a common practice to state the 
weight per yard for the particular width required. 
The alfowance necessary for any width, and also the 
finished length obtained from a given length of warp, 
will vary in this, as in all other cases, with the make 
of the fabric and the style of finish; such particulars 
can only ba determined by experience. 

Example XXXVII ,—10 porter, 46in., 20ozs. per 
yard, D.W. tarpauling, 12J shots per inch finished. 
Warp 9lbs. per spyndle dressed. Laid "length = 108 yds. 
Finished length = 103 yds. Reed width = 48in. 


Warp. 


( 


Splits. 

10 porter x 20 x 48 
37 




Tlireads 

per Yards, 
spilt. 


Count. 


X 4 X 408 X 9lbs. 


14,400 yds. per spjmdle 
70*051bs. warp. 

Weft. 

124 shots X 48in. x 103 yds. . ,, ,, 

-t 1400 yds. per ipyndle- = ^‘29 

* P"y^ = 128.751bs. per cnt. 

loozs. per pound ^ 

128*76lbs.—70*05lbs. of warp = 68-701bs. of weft. 

“ 13.681bs.,sjiy Ulbs. per spyndle weft. 

4*29 spyndles x 141bs. = 60-06lbs. 

7§*051bs.+ 60 •T)6lbs. = 130*1 libs, in all. 

130• nibs. —128 • 751bs. = 1 -BGlbs. waste—-about 1 per 
ceat. * 
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D.W. Bagging .—^This also is a douHe warp plain 
fabric, but of a different class from tarpaulijigs, the 
sett being usually much coarser, and the count of the 
weft heavier than in the latter tj^pe. The standard 
width is generally taken as 44in. 

Example XXXVIII .—7 porter, 44in., 24oz^, D.W. 
bagging, 9 shots per inch finished. Warp 8Jibs, per 
spyndle undressed. Laid length = 108 yds. finished 
length = 102 yds. Reed width = 46Jin. 

Warp. 0 

Threads 

Splits. per split. • 

/ 7 porte r x 20 x 46 x 4 x 108 yds. x 8Jlbs. _ 

' 37 • / X 14,400 yds. • “ 

43*541bs. warp. 

Weft. 


9 shots X 46jin. X 102.vds. „ 
-IMOOydl.^r spyndle-= 2-®® 

102 yd^ X 24ozs. ^ 

16ozs. per pound ^ 


1531bs. — 43-541bs. warp = 109 • 46lbs. weft necessary. 

2 . spyndle, -ay 381bs. weft. 

2*96 X 381bs. per spyndle = 112 •481bs. weft. 

43*541bs. warp +112•481bs. weft = 156-021bs. in all.* 
156 •021bs. — 153lbs. = 3 •021bs. waste allowance—about 
2 per cent. • 

Twilled Sacking .—This is a double warp fabric, woven 
with the three-leaf twill with three double or six 
single threads of warp per split in the reed. The com- * 
monly accepted standard width is 27in., but it«s a^ 
general practice, when other widths are required, to 
specify the weight per yard for such widths. In some 



JUTE AND LINEN WEAVING (CALCULATIONS). 83 


cases the weight may also be indicated upon the basis 
of some^other suitable >^dth. Thus the expressions, 8 
porter, 27in., 16ozs.; 12 porter, 29in., 24ozs.; and 
7 porter, 60in., 16ozs.—36in., are quite common. 

Example XXXIX.—10 porter, 28in., 20ozs., twilled 
sacking,* 11 shots per inch finished. Warp 91bs. per 
spyndle dressed. Laid length = 108 yds. Finished 
length = 102 yds. Reed width = 29 Jin. 

* Warp. 


Threads 

oidits. per split. Yards. Count. 

10 portei; x 20 x 29jin.\ x 6 x 108 x 9lbs. 

‘ 37 / X 14,400 yds. per spyndle. 

•» 64*581bs. warp. » 


Weft. 

11 shots X 29Jin. x 102 yds. 


14,400 yds. per spyndle. 


= 2*30 spyndles of weft. 


• ^2 y^.x 20o» per yard^j 

Idozs. per pound ^ ^ 

127 • 5lbs. — 64 • 581bs. = 62 • 921bs. of weft required. 


2*30 spyndles x 281bs. = 64 •40lbs. of weft. 

64.581bs. + 64.401bs. = 128.981bs. in all. 

«128*981bs. —127-Dibs. = 1 •481bs. waste—-about IJ per 
cent. 


Whilst the foregoing examples are representative 
of the general types of jute cloths, a considerable 
quantity of the fibre is woven into fabrics of a more or 
^ess elaborate character, the chief general purpose of 
which* is. floor covering. Plain and twilled carpeting 
or matting, imitation Scotch or Kidder, Brussels and 
Wikon"carpeting and tapestry, form the chief varieties. 
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The latter class is also imitated by a peculiar two-shaft 
reversible fabric termed ^‘Imitation tapestry” or 
” Brusselette.” For the production of this cloth two 
warp beams are necessary, one carrying a so-called 
ground or binding warp, and the other what is termed 
the pile warp. The ground warp is all drawm through 
the heddles of one shaft, and the pile warp through 
those of other two shafts, the latter being then tied 
together and wrought as one, and the whole actuated* 
as in a plain weave by an ordinary two-shaft shedding 
tappet. Three threads (one thread ground, two threads 
pile) are drawn through each split of the reed,'which is 



Fig. 4. 


usually 10, 11, or 12 porter. A'weft section of this 
cloth is shown in Fig. 4 from which it is evident that the 
take-up or contraction of the pile warp B will be con¬ 
siderably greater than that of the ground warp A; 
hence the necessity for the two warp beams. In order 
to induce this difference in contraction the ground warp 
A is held at very high tension, whilst very little tension 
is applied to the pile warp B. This tension is so small 
that the weft, in its forward movement by the reed, is* 
enabled to dt’aw forward the pile wsCrp from its*lieam, 
and along with these threads to take up a position alter¬ 
nately gn^each side of the ground warp as indicated. 
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It will be understood Ib^ the ground w 2 B*p A should be 
of superior quality, two-ply 51b. yarn being sometimes 
used, although 111b. and 121b. single yarn are often 
employed. A soft twisted two-ply 81b. or two-ply 
91b. thread appears to give the most satisfactory results 
for the pile warp. The cloth length obtainable from 
a given length of pile warp may, within certain limits, 
be varies at wiU by suitable alterations of the shotting, 
•and of the pace or tension of the pile warp beam. There 
is practicallyino contraction of the ground warp, but an 
allowance pf, say, 1 to 2 per cent, may be made in the 
calculation. 


Example XL.—12 porter, 36in. imitation tapestry, 
14 shots per inch; ground warp, lllbs. per spyndle, 
dyed and starched; pile warp, two-ply 91b. dyed, or 
dyed and printed; weft, lllba per spyndle dyed. It 
fs assumed that 75 yds. of cloth require 140 yds. of pile 
warp and 76 yds. of ground warp. I?eed width, Sejin. 
With these goods there is practically no contraction in 
width. 


Splits : 


12 porter x 20 x 36J 
37 


= 237 splits in reed. 


237—2 splits (cotton selvages) = 235 splits jute yarn. 


• '235 X 2 = 470 threads of 2-ply 91b. jute pile warp. 

235x1=235 threads of 111b. jute ground warp. 

470 threads x 140 yds, x 2/91bs. (181bs.) _ 

14,400'yds. per spyn<|le “ * 


235 threads x 76 yds. x lllbs. 
^ 14,400 yds. ,per sp 3 mdle 


pile warp. 
= 18 *6411)8. ground warp. 


14 shqts X 36^in. x 75 yds, x lllbs. 
• 14,400_yds. per spyndle 


= 29*281bs. weft. 
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4 threads x 76 vds. ,, " 

- 4 » - 3 - " =0»09lbs. cotton. 

Yards 0/19 
per hank. 

Total weight = 125 •261bs. 

125*26x92*5 nciu ^ x j 

-= 115 • 86 , say 1161bs. per cut of 75 yds. 


% loss of 

weight in dyeing. 


1161bs. X 16 o 2 :s. per lb. 


= 24*75ozs. per yar(i. 


75 yds. cloth 

Specimen calculations of other varieties of fancy 
jute fabrics might be given, but no further principle 
would be illustrated, since in all cases the methods of 
procedure are practically alike. First, the reed width 
necessary to produce the desired finished width of 
cloth has to be fixed; and, second, an approximation 
made as to the finished length which may be obtained 
from a known length ‘*of warp. Having fixed these 
particulars upon a basis of former experience, a provi¬ 
sional calculation may be made. Should an order be 
obtained this estimate should be checked, if possible, 
by the making of a sample beam* All particulars could 
then be collected from the finished fabric, and any 
obvious alterations effected before the whole order is 


run. 



CHAPTER VIL 


Calculations for Linen Fabrics. 

C alculations in linen fabrics, as, indeed, in all 
textiles, are somewhat analogous to those in jute ; 
but in the linen industry a large variety of fabrics obtains, 
while the cloths differ greatly from the points of view of 
* purpose and quality. Under plain weave alone are 
found such cloths as canvas or sailcloth, artist’s canvas, 
duck and dowlas, hoUands, cambric, •lawn and other 
dress linen, apron linen, pillow linen and sheeting, glass, 
tea and other household cloths, crash towelling, paddings, 
screw cloths, strainers, scrims, dusters, blue and checked 
linens, embroidered and hem-stitched linens for furniture 
decoration, toilet requisites, &c. In tappet weaves, 
ojthdt than plain, there are drills, sheetings, tickings, 
mattresses, dusters, towellings, rubbers, huckabacks, 
&c.; while in dobby and jacquard productions there 
is a yide ra^ige of dice, diaper, and damask fabrics 
intended chiefly for table decoration, although a limited 
portion ^s utilised for dress goods, and for stair and 
flqor c(^^erftigs. In addition to the above it must be 
remembered that in each class there is usually a viide 
range *of qualities due to variation of setts and of the 
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kind, quality, colour, and couqts of the J^arns employed. 
We shall therefore restrict ourselves to a few lexamples 
which will be sufficiently representative and explanatory 
of the principles involved. 


Example XLI .—24 porter double warp flay canvas, 
24in. wide, 18ozs. per yard, 19| shots per inch, reed 
width, 25in.; warp length, 50 yds.; cloth length, 
40 yds.; warp, 61bs. per spyndle. Both warp and 
weft lose 7| per cent, in the boiling process. 


( 


Splits per inch. 

24 porter x 20 
37 " 


) 


Warp. ^ 

r 

Reed width. 

X 25in. X 4 threads per split , 
say 1,300 threads. 


1,300 threads X 50 yds. x61bs. per spyndle x /92*5\ 
14,400 yds. per spyndle x ' 100 ' “ 

% wastr in , 
boiling. 

« 25 *0511)3. warp. 


Weft. 

194 shots X 25in. x 40 yds. 

^ —iModydir^^— 1 

40 yds. X 18ozs. per yard i ^ . 

-T6ozs:^i-^55Hd:—P““- 

« 

451bs.—251b. warp = 201bs. weft net or bleached weight. 

201bs. x^^ = 21*621bs. grey weight of weft. 

21.621bs. * 

lT35"sp^ = P®" '^®**- 


Example XLII.^SQ porter, 40in. cream sheeting, 
940 ZS. per yard, 42 picks per inch; reed width, 43in.; 
K warp length, 90 yds.; finished cloth length, 82 yds.; 
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warp, 2 |lbs. flax, which ^ith the weft loses 10 per cent, 
in cream4ng. 

Warp, 


36 porter x 20 x 43in. x 2 threads per split 

37 


= 1,673, say 
1,672 thrds. 


1,672 threads x 90 yds. x 2|lbs. x 90 
-Iir 4 i 0 yd^. perspyndle x ToO = 


X waste in 
creaming. 


Weft. 


42 pic}cs X 43in.'x 82 yds. 
' 14,400 yds. 


= 10-28 sp 5 nidles weft. 


Weight of Piece. 


82 yds. X 9J0ZS. 


= 48-69lbs. 


I60ZS. 

48*69—25'861bs. warp = 22‘831bs. weft (creamed weight). 
22-83x100 _ 

-= 25 -37108. grey wei^t of weft. 

lO^^fisp^kies “^ 2 ilbs. per spyndle weft. 


Example XZ,///.—»To find the yarns necessary for a 
36^. plain brown linen, 92 yds. to weigh about 40lbs., 
!*eed 7®“, 40in. scale, with seven shots on the glass 
finished; contraction from reed to finished width, 
and from warp length to finished length, 8 per cent, in 
eachPease. * 

In the two previous examples the count of the warp 
staled,•but in the above example both counts are 
unknown. In such a case it is obvious that theoretically 
ther5 is an infinite number of solutions, but in dealing 
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with a plain linen cloth, wovjn approximately square, 
it is usual to have the yarns about equal in counts. Since 
weft, however, is usually softer spun than warp, and 
therefore appears more bulky to the eye, it is usual 
(where a difference in the counts is necessary) to 
make the weft the lighter of the two yarns. The 
general method of procedure in such cases is to find 
by calculation the total quantity of yarn in the web, 
and from this determine its average count. Since the* 
lea count is required in the above case it»will be most 
convenient to express the quantity of the yaru in leas. 


JVarp. 

Threads per inch. 

Reed, Reed width. 


Warp Ien(;th. 

^ 

Cloth. 


( 


700 X 2 
40 


X 


'N /36in. X 100\ /92 yds. x 100\ 

) ^ ^ “ 92 ' 

% contraction. 

-T-450-52. 

St'Oyds.per lea Leas warp. 


Weft. 


Shots per 
inch. 

/7 X 200\ 
V 37 / 


Reed width. 


^30in 


92 


X 100\ 


Cloth 

length. 

92 yds. 
300 yds. 


= 454-05 


leas weft. 


456-52 leas warp+ 454-05 leas weft = 910-57 leas in iJl.^ 


910‘57 leas 
401bs. 


= 22-76 leas per pound. 


Assuming 22 leas warp and 24 leas weft,* the weight, 
without making any allowance for increase due t6 
dressing, wbuld be as follows » , * <? 

, _ 456-52 leas 

22 leas per pound 


= 20-751bs. warp. 
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494-05 has 


= 18*921bs. v^eft. 


^ 24 leas per pound 
20-751bs. warp+ 18*92153. weft = 39*6711)3. in all. 


If an increase of 5 per cent, in the weight of the warp, 
due to dressing, is assumed, then 

105 

20*75lbs. warp x = 21 *781bs. of dressed warp ; 

and the total weight of the piece becomes— 

• 21*78 + 18.92 = 40.701bs. 

Example ^LIV .—^To calculate the quantity of warp 
and weft hecessary for 10 pieces grass-bleached pillow 
linen, 40in. wide, and counting in the finished state 
63 warp threads and 70 weft threads per inch; warp 
length, 70 yds.; cloth length, 60 yds. per piece ; warp, 
30’s lea ; weft, 35’s lea. To state also the weight per 
yard finished, assuming that both warp and weft lose 
20 per cent, in bleaching from the grey yarn to the 
bleached cloth. Reed width, 44in. Add 3 per cent, 
to all quantities for waste allowance. 


In the above example the sett of the cloth is given in 
threads per inch in the finished condition. The total 
number of threads in the width will therefore be 63 
^threads per inch x40in. wide =2,520 threads in all. 


Warp. 

Threads. 

(63 X 40in.) x 70 yds. x 10 pi^es 
§60,000 yds. per bundle 


29*4 bundles warp net. 


Weft. 


Reed width. 


70 ^ic^s X 44in. X 60 yds. X10 pieces 
, 60,000 yds. “ 

• weft net. 


30*8 bundles 
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^ Weight of Warp. * 

29»4 bundles x 200 leas per tiundle x 80 
30 leas per pound x 100 

S waste 
caching. 

Weight of Weft. 

30-8 X 200 X 80 


*1^.81bs. 


35 leas x 100 


= 140.81bs. 


% waste 

in bleaching. • 

156*81bs. warp + 140-81bs. weft-297-Olbs. total weight ^ 

of ten pieces. 

297.61b. xl 6 ozs. „ ^ 

10 pieces x 60 yds. each ’ ' 

With the 3 per cent, added there is for the total 
quantities:— 

103 

29*4 bundles x jqq = 30.282 bundles warp gross. 

103 

30.8 bundles x ='31*724 bundles weft gross.^ 


It is worthy o^.note that the weight in the above ' 
calculation is determined before adding the 3 per cent, 
allowance to quantities for waste. The reason for this 
step will be sufficiently clear, since the quantity so 
added never actually enters the cloth, but is simply 
allowed in view of the waste which would take place ia 
the various preparatory processes of winding, warping, 
and dressing. 

Example XLV. —24in. checked union glass cloth 
contains 48 warp threads and 52 weft threads per inch, 
and weighs 4ozs. per yard. The order of warping and 
wefting is 18 white, 2 blue (the number of threads of* 
warp and tfie repeats being considered, and%selvages 
arranged accordingly). The contraction from reed to 
finished width is assumed to be 6 per cent., and fiDm 
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warp to finished cloth 10 per cent., and the counts and 
quantities*of the yarns necessary calculated for 20 
pieces of 72 yds. each. All the warp and the blue weft 
is cotton, while the white weft is lea yarn of nearest 
equal count in the bleached conditions. The cotton 
yarns lo?e, say, per cent., and the lea yarns, 20 per 
cent., in bleaching, dyeing, &c. Add 4 per cent, to 
quantities for waste allowances. 

* As in Example XLIII., it will be most convenient 
to determine the average bleached count from the 
quantity, of yarn in one piece, and then arrange the 
true or grey counts of the warp and weft yarns. Since 
the warp* is cotton, the quantity will be expressed in 
cotton hanks. 

Warp, 


Warp l«‘ngth? 

^8 threa ds x 24in. x 72 yds. x 100 
/ 840 yds. per hank x 90 • 

% contraction 


= 109*72 hanks. 


= 113*80 hanks. 


Weit. 

Reed width. 

52 picks X 24in. x 100 x 72 yds. 

8401^94 

% contraction. 

i0^*72 hanks warp 4- 113*80 hanks weft = 223*52 hanks. 

72 yds, clo th x 4ozs. per ya rd _, 

I60ZS. per pound. ~ 

226*52 hhnks lo >10 u u a * 4 - 

— = 12*42 hanks per pound cotton 

bleached, and, 
r2*42’s bleached x-j^ = 11*49, say 12"s cotton grey. 

, • % loss in * 

bleachinK* 


V 181bs. 

t 
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• Lea Coi^. * 

12*42 hanks per pound x 840 yds. per hank 
3(k) yds. per lea 

leas per pound bleached. 


34*776 


34*776 leas x =27*82, say 28 lea gr^. 

loss in 
bleaching. 

In calculating the quantities of warp and weft it is 
necessary to observe that a portion of each is blue. In, 
the warp this wdll be as follows ^ 

24in. wide X 48 threads per inch = 1,152 threads in all. 
1,152 threads -^20 threads per repeat = 57*'^ rep&ats. 

57 X 2 = 114 threads blue. ^ 

1,152 - 114 = 1,038 threads bleached. 


W.irp length. 

114 threads x 72 yds. x 100 x 20 pieces x 104 
~ 840 xT2 X bo X idb'" 

Yards jxt Ib. % waste. t « 

12’s blue cotton warp. 

1,038 threads x* 72 yds. x 100 x 20 pieces x 104 
~U0~x~ U X 90 X ibb “ 

171*351bs. 12’.s bleached cotton warp. 

In the weft whole is blue cotton. 

Reed width. 


52 picks X 24in. x 100 x 72 yds. x 20 pieces x 104 

^[)4“x '607000 ydsr x lOft “ 

33*14 bundles in all. 

33*14 bundles = 29*83 bundles of 28’s lea 
bleached weft. 

33 * 14 bundles x 60,000 x 1 
840 yds. X 12 x 10 

weft. 

■ 

Of^ the great variety of linen fabrics produced with a 
few shafts by tappet mechanism, huckaback has probkbly 


t « 

= 19*731bs. 12’s blue cottoif 


c 

* » 
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been the most*successfi4; and enormous quantities, as 
well as varieties, of piece goods and cloths of this type 
are stiU made. 

Originally the yarns used in the fabrics were all 
flax, but modern requirements and fluctuations in the 
price of raw materials, and especially the low price of 
cotton ^hich obtained a few years ago, encouraged a 
•liberal use of yarns of this fibre in such goods. It is 
now possible to obtain this particular class of fabric 
compose^ •entirely of flax, of cotton, or a mixture of 
both. In the latter class the composition may be cotton 
warp and flax weft, or flax warp and cotton weft, or 
the warp may be composed partly of flax and partly of 
cotton with flax weft. The peculiarity of the weave is 
^very suitable for the latter combination, and an example 
of this kind is given below. ^ 

Example XLVI .—A 27in. bleached union huckaback, 
45 porter (reeded two and three threads alternately in 
a 36-porter reed); two-fifths of the warp 20’s line | 
bleached, and three-fifths 2 /16's bleached cotton ; weft, 
18^ tow I bleached; losses in bleaching, 8 per cent, 
•in the line warp, 12 per cent, in the tow weft, and 6 per 
cent, in the cotton warp; warp length = 80 yds.; 72 yds. 
finished cloth, the picks in this condition being 55 per 
inch*; 10 per cent, contraction from loom to finished 
^idth. To find the actual weight of yarn in the piece 
and tfee weight per yard of the fabric. (Note : Warps 

for this class of fabric arc sometimes reeded two threads 

• • 

per Split throughout.) 
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Splits per inch. 


Threads 
per split. 


Warp.^ 


Reed width. 
100 


/45 porter x 20\ x 2 x 27in. x 100 , , 

\^^ --= 1,460 threads. 

% contraction. 

1,460 thread.s x f proportion of warp = 584 threads oF20’s line. 
1,460 X f ,, = 876 ,, 2/16’s cotton. 

584 threads X 80 yds. x 92 _ _ ,* 

m ^x300 yds.perleaxl00 = 7• 161bs. 20 s line warp 

% waste in 
bleaching. 


p^r piece. 


876 threads x 80 yds. x 94 _ ‘ ^ 

-8 X 840- - —>n00 ^ ^ ^ ® cotton warp 

per piece. 

Weft. 

Reed width. 

55 picks pe r inch x 27in.«x 100 x 72 y ds, x 88 _ 

18 leas X 300 yds. per lea x 90 x 100 ~ ’ * 

% waste in 

* bleaching. 

18’s tow weft per piece. 


7*161bs.+9*801bs.4-19‘3Clbs. =36*321bs. per piece of 

72yds. 


36»321bs. X 16ozs 
72 yds. 


- = 8.07ozs. per yard. 


* 


Example XLVII.^An 18in. fancy creish towelling, 
8®** reed, 40in. scale ; warp, 14’s bleached line arid 2/20*s 
cotton (fast dyes); weft, lO’s tow changed, ^2 picks^per 
inch; reed width, 19in.; warp length, 80yds,.; cloth^ 
length, 70yds. To calculate the quantities of lea yarn 
in bundles, arid the weight of cotton yarn, negliSCtiil^ the, 
change due to dyeing. The fancy cotton stripe to be 
arranged as indicated in Fig. 5, and composed as foUo^rs : 
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8 threads 9/20’s indigo cotton.^. = 2 splits. 

4 14’s line .. .*..= 2 „ 

8 • „ 2/20’s indigo cotton.= 2 „ 

12 „ ■ 14*s line .= 6 „ 

L2 ,, 2/20’s Turkey-red cotton.= 3 „ 

12 „ 14’s line .= 6 „ 

8 „ 2/20*s indigo cotton.= 2 

4 14’s line.= 2 

8 „ 2/20’s indigo cotton .= 2 ,, 


» 27 splits 

for stripe. 

27 splits per stripe x 4 stripes=108 splits in all. 




- 4 ^- 

r' 1 

0 

1 


1 

— 1 — 


4 


‘—4 —1—4—t— 4 —T— 

Fig. 5. 


The 14’s line is, as shown above, reeded two threads 
per split, while four threads of the 2 /20’s cotton are put 
into each split. The weave for the ground of fabric to 
be a fancy crape ; the stripe to be in warp rib. 

• Warp, 


800 splits X 19in. . . „ 

--= 380 splits in all. 

380 splits •-108 splits in stripes = 272 splits for ground. 

splits between stripes. 

to sjjlits X 4 patterns = 64 splits of 14’s line in stripes. 

68 x4 „ =272 „ „ ground. 

• - • 

• 336 (total splits of 14’s line). 
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272 splits + (16 splits X 4patts.)=336 splits line warp x 2=672 thds. 

8 x4 „ = 32* „ ind.cottonx^= 128 „ 

3 „ x4 „ = 12 „ Trk.redcot. x4'=48 


Total threads=848 

672 threads X80 yds. . __ , .1 i., ui a j r 

6pOO Vds.liFbundle = ®-*'*® hUached line 

per pfece. 

128 th reads x 80 yds. _ ooiK= o/on» 

10 hanks per lb. x 840 yds. per hank “ * 'i / ® 

( 2 / 20 ) 

indigo cotton. 


48 threads x 80yds. 


= 0.46lbs. 


= 0*931 bundle of lO’s 


10 hanks per pound x 840 yds. per hank 

(2;20) ’ % 

2 /20’s Turkey-red cotton. 

Weft. • 

42 picks per inch x 19in. x 70 yds. 

W)()0 yds. 

tow weft per piece. 

It will be obseryed that the aboye quantities are pet, ^ 
no allowance bein^ made for waste in any of the pre¬ 
paratory processes. The complete pattern of the above 
warp would appear as under 

White ....f 8 4 12 12 4 68=168x4 patterns=672 threads. 
Blue .... 8 8 8 8 = 32x4 =128 

Red. 12 =12x4 „ =48 


$9 

99 


212 


818 threads. 


Example XLVIII.-^K 58in. 3-leaf striped mattrajs ^ 
tick with two “ lettered ” or “ name ” stripes of 6-leaf 
satin, each stripe to be l^in. broad, and arranged in the 
manner indicated in Fig. 6. Reed 6®”, 40in. scale ; w^p, 
16’s line grey and 2 /16's Turkey red and white cotton, 
both reeded three threads per split; the stripes for 
the name to^e composed of 2 /20’s Turkey-red cotiton, 5 ^ 
threads per split”; the letters to be developed in 5-leaf 
weft satin on a 5-leaf warp ground; weft, 31bs. ^r 




SELVAGE 
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spyndle jute, half-bleached, 40^picks per Inch; 72yds. of 
cloth from 80yds. of warp; reed width,* ilin. To 
calculate the necessary quantities of the various yarns 
per piece, adding 3 per cent, for waste allowance, but 
neglecting any change due to dyeing, bleaching, &c. 

The warping order for the stripes is as follows 


6 threads 

2/16’s Turkey-red cotton= 

2 splits 

12 


2/16’s bleached „ = 

4 „ 

6 

99 

2/16’s Turkey-red „ = 

? 

12 


2/16’s bleached „ = 

4 „ 

69 

99 

2/16’s Turkey-red „ = 

23 

12 

99 

2/16’s bleached = 

4 

6 

99 

2/16’s Turkey-red ,, = 

2 ,: 

12 


2/16’s bleached ,, = 

4 

6 


2/16’s Turkey-red „ = 

2 ,. 


» 47 splits ill 

one stripe, t 

47 splits per strips x 8 stripes = 376 splits of stripe in all. 


(Note : In the centre part of the two “ name ” stripes 
the 69 threads of 2/16’s cotton would be replaced by 
115 threads of 2 /20’s Turkey-red cotton— i.e., 23 splits x 
5 threads per split = 115 threads.) 


Warp. 

600 splits X 6 lin. ... . 

-= 915 splits in the full width. 


915 splits —376 splits for 8 stripes = 539 split* for grq^and. 


539 ground splits 
8 patterjis 


c 

= 67 splits between each pair of stripes 


with 3 splits over, which may be utilised for the selvages. 
Say, 636 splits (67 x 8) of line warp. * 
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67 splits X 8 patterns . =536 splits x 3 threads= 1,608threads 16’s 
, » line grey. 


31 „ 

8 „ 

O 

x6 

x2 

}=202 „ 

x3 „ 

= ■ 

f 606 thread s 2/16’s 
Turkey - red 
[ cotton. 

16 ., 

x8 „ 

= 128 

x3 „ 

= 

384 threads 2/16’s 
bleached 


• 




cotton. 

23 „ 

x2 „ 

= 46 ,. 

x5 

= 

230 threads 2/20’s 


Turkey - red 

• cotton. 


912 splits, or. 2,828 threads. 


1,608 threads X 80 yds. x 103 _ 

j-f—‘ —l AA = 2 • 208 bundles 16’s 

60,00(|.yds. per bundle x 100 

% waste 
allowance. 

, line warp. 


606 threads X 80 yds. X 103 - o/ic» 'r i a 

-qt— daTT-T- -= 7-431bs. 2/16's Turkey-red 

8 s X 840 yds. x 100 ' 

cotton. 

«84T:hreads X 80 yds. X 103 , t j 

-Q>—qVa -= 4.7libs. 2/16’s bleached 

8 s X 840 yds. x 100 • ' 

cotton. 

230 threads x80 yds. x 103 . , 

10 s X 840 yds. x 100 ' 

cotton. 

Weft. 

■f 

diO^icks per inch x 61in. x 72 yds. x 103 _ „A^r.r. 

U7400~yds. per spyndle x 100 “ spyndles 

31bs. half-bleached jute. 

The complete pattern for the warp would be the 
%)llowing:— 

T6’s acey .. 100 101 =201 x 6patts. = 1,206 thds. 

2/1^ reft.. 6 6 69 6 6 = 93x6 = 558 „ 

,2/I6’s white 12 12 12 12 - 48x6 „ = 288 „ 

• ’ 342 2,052 thds. 

U 
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B 1 


16’s grey .. ipo 
2/16’s red.. 
2/20’s red.. 

,2/16’s white 


6 6 
12 12 


115 


« e 

12 12 


101=201 x»2patts.=402 thds 


= 24x2 


= 48 „ 

= 116x2 

•y 

99 

‘=230 „ 

= 48x2 

99 

= 96 „ 


Two patterns of A or 684 
One pattern of B or 388 
Two patterns of A or 684 
One pattern of B or 388 
Two patterns of A or 684 


388 776 thds 

threads. ^ 

99 ^ 

99 

99 

99 


2,828 threads. 


This type of lettered weaving—viz., developing the 
letters in weft satin on a coloured warp ground— is 
extensively employed in one, two, and three striped 
glass, tea, and other household cloths. The lettering in 
some cases indicates the purpose for which the cloths 
are intended, and in others the name of the hotel, institu¬ 
tion, or firm for which they are woven. Bath and lava¬ 
tory towels are in many cases treated in a sifnilalr 
manner. '' 


Example XLIX.—A 4/4 (36in.) blue and white 5-leaf 
satin tick, 45-porter reed, 3 threads per split; warp, 
lO’s blue and lO’s white cotton; weft, 20’s lea tow, 
I bleached, 62 picks per inch ; length of warp, 80yds.; 
cloth length, 70 yds. ; reed width, 39in. To calculate 
the net quantities of warp and weft per piece, also the 
weight per yard, assuming that the cotton warp loses 
6 per cent, and the tow weft 12 per cent, of their weight 
in bleaching, dyeing, &c. Arrangement of'threads :— 

White 15 3 3 16 3 3 =42 thds.-f 3 thds. per split=14 splits 
^ white pfer repeat. 

Blue.. 3 15 3 6 3 6=36 „ -rS „ per spiit= 12 splits 

blue per repeat. 

14 +12=26 splits per repeat. 
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• Warp, • 

Split%per inch. • 

45 porterX20Splitsx39in. .. . , ... 

— - -splits in full width. 

949 splits 

26 splits per repeat repeats. 

The following is suggested as a suitable arrangement 
of the pattern for the warping 

White. 63 3 15 33 15 3 36 

Blue ..37 83 636 37 83 




78 threads X 36 repeats 


20 threads 
at selvage. 


10 threads 
selvage. 

(42 thds. X 36 repeats) +18 thds. at selvages=1,530 thds. of white. 
(36 „ x36 „ ) + 21 „ „ =1,317 „ blue. 


1,530 threads X 80 yds. X 95 ,, , . 

10’sx84dryds. bleached 

iieTchfng" ^ cotton warp. 

1,317 threads X 80 yds. X 95 ,, 

"—lO^TMoydi: ” = 10s blue cotton 

• warp. 


Weft, 


52 picks per inch x 39in. reed width x 70 yds. x 88 _ 
20 leas x 300 yds. x lOd ~ 

% waste in 
bleaching. 

20*821bs. 20’s lea tow weft. 


(43*841bs.+/t.921bs. + 20.821bs.) 16o2s. 
70 yds. 


10*65ozs. per 


yard. 

To conclude this series of examples of typical linen 
fabrics there has been selected one of the finer class of 
damask tablecloths woven by a twilling jacquard with 
the 8-thread satin twills (popularly known as “ double 
damask ” in contra-distinction to the so-called “ siqgle 
damafk,*' which is woven with the 5-thread satias). For 
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this type of cl6th in 8/4 (eighttquarter) or 72in. wide it is 
not unusual to have three twilling jacquards, ^ach with 
a capacity of 1,200 hooks, over each loom. In cloths 
of this grade the relative numbers of picks and threads 
are usually as 3 to 2, hence it is necessary to increase 
the picks per card in relation to the hooks per needle 
of the jacquard, or to proportionately increase^ the weft 
lines of the design paper in relation to those of the warp. 
For example, a cloth containing, say, 96 warp threads 
and 144 weft threads per inch finished, if woven by a 
jacquard having two hooks per needle, majf. have the 
design painted upon 12-by-12 paper, and woven with 
3 picks per card, or it may be painted upofi 12-by-18 
paper, and then only two picks per card will be necessary. 
The latter method would undoubtedly give the better 
result so far as the contour of the pattern is concerned, 
but the design would be more expensive to paint, besides 
requiring 50 per cent, more cards than the former 
method. 


Example L .—^To calculate thq net quantity in bundles 
of warp and weft in one piece of 72in. fine bleached 


damask, 96 warp threads and 144 weft threads per inch 
in the finished state; warp length, 50 yds.; cloth 
length, 48 yds.; 7 percent, contraction'from reed to 
finished width. To estimate the weight of the cloth 
per square yard, warp made from 50’s line creamed, 
and weft 75’s line creamed, assuming the warp and 
weft to both waste 25 per cent, in the creaming and 
subsequent bleaching processes. 

Warp. 


96 threads x 72in. x 50 yds. 
' 60,000 yds. per bundle 


* 

= 5*76 bundles 60’s line 
creamed net. 



1 00 
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• • Weft. 

• Reed width. 

144 picks X 72in. x 100 x 4 8 yds. 
60,000 yds. x 93 

X con¬ 
traction. 


= 8*92 bundles 75’s line 
creamed net. 


5*76 bundles X 200 leas per bundle 
50 leas per pound 


= 23»041bs. of warp 
in grey state. 


• 92 bundles X 200 leas per bundle 

,--K 1 --—-- =23*791bs. of weft in 

• 75 leas per pound 

grey state. 

23‘041bs. ^^3‘791bs. = 46'831bs. total weight in grey state. 


46*831bs. X 16ozs. X 75 _ , 

'T8l®rx"T516cr =5-850“. per square yard 

Square yards. X waste in 
creaming 
and 

bleaching. 



CHAPTER Vni. 

The Prime Cost of Fabrics. 

I N determining the cost of textile fabrics there are, 
broadly speaking, three different heads under 
which the various outlays or costs may b^i classed. 
These are:— 

1. Cost of material. 

2. Labour charges. ^ 

3. General working expenses and standing chatges,' 
these items being usually briefly referred to as 
“ expenses.” 

Under the first head the items are few, usually con¬ 
sisting of the cost of the warp and the weft in the piece 
plus a certain allowance for waste in working. To 
determine this cost is a simple matter, since it is only 
necessary to know the quantity of yarn used, and Vhq, 
price paid per unit length or weight, accor^ng to the 
manner in which the yarn is purchased. With regard 
to head No. 2, it is well known that thqre are , two 
methods or bases upon which wages are paid, viz. 

{a) Piecework, or payment according to the quantity 
of work performed; and * * , 

(6,1 Timework, where the operative receives, a fixed 
sum per hour or per week. * 
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The former method is,the more satisfactory, and is 
applied ki almost every available case; it reduces to 
a minimum the cost of supervision, is an excellent 
incentive to increased production, and enables the 
manufacturer to obtain a very good idea of the cost of 
that particular part of the process. The method, 
however, is not free from objections, for it causes a 
tendency on the part of workers to allow bad work to 
pass; and should any inferior material happen 
to be intr(Xiuced dissatisfaction naturally prevails. 
The forrofiT objection can be checked by strict super¬ 
vision, the latter is an unfortunate circumstance to all 
concerned! 

There are at least three forms in which warp yarns 
are bought for the jute trade :— 

1. In the form of a chain, where the price per spyndle 

br per pound of the yarn includes the cost of winding 
and warping. • 

2. In the beamed and dressed condition ready for 
looming. Here the price includes the expenses 
involved by these processes. 

3. In the form of spools, in which case the further 
expense of dressing requires to be added before the 
yarfi is rea^jp^for the loom. 

Jute wefts, for- the ordinary fabrics, are bought for 
the most part in the form of cops ready for the shuttle. 
In f^cy-jute goods, however, the further piecework 
charges of warp and weft winding and warping require 
to be syided, since the yam is usually bought in the 
l^ank Soncfition for the purposes of dyeing. In every 
case all determinable costs and charges should be placed 
under heads 1 and 2. 
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In the linen*industry both warp and*weft yarns are 
invariably purchased in the hank condition, and either 
grey or bleached. If grey, it will, of course, be 
necessary to add a further charge for boiling, changing, 
bleaching, or whatever process the yarn goes through 
before weaving. In general, the preparatory processes 
of warp and weft winding, warping and dressing, are 
piecework, although the latter is sometimes paid accord¬ 
ing to time. Chain beaming, drawing-in, and reeding,* 
and tying-on, in both industries are sometimes paid by 
one method and sometimes by the other. * Weaving 
is always piecework, while the loom tenter is often paid 
according to a scheme arranged partly under "both sys¬ 
tems. Where, however, the total wage cannot be 
classed under piecework, the whole amount should be 
included under head No. 3. As to the actual wages 
paid, there is, unfortunately, no recognised standard 
list in either of the industries. In all the examples an 
endeavour will be made to illustrate the various bases 
of payment, although the figures given must not be 
taken as indicative of an average, or of any practice. 

Under division No. 3 must manifestly be placed 
every item of expenditure in the production of the 
fabric which has not already been takenS^to accolint 
under heads 1 and 2. Head No. 3 is thus very compre¬ 
hensive, containing such items as : All wages paid 
other than those included under head No., 2; salaries 
of administrative and clerical staff, engineers, designers^^ 
and aU so-called non-productive persons; interest on 
capital, allowance for depreciation in building ancj, 
macjiinery, feu-duty or rent, taxes, and insurances; 
coal, water, gas, and electrical expenses; expenses of 
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warehouse and* sample department, if aay; stores and 
renewals* of all kinds, jacquard cards, &c.; in short, 
every item of expenditure which may not be termed a 
capital charge. 

Since it would be extremely difficult, if not altogether 
impossil>le, to edlocate the proportion of such expendi¬ 
ture entailed by the production of each class of fabric 
per yard or otherwise, the general method is adopted of 
‘noting such total expenditure per annum or other 
suitable period, and comparing it with the total wages 
paid for jyeaving during the same period. From this 
comparison a general deduction is made that the 
expenses* of production, other than those piecework 
charges which may be definitely calculated, are equal 
to a certain proportion of the weaving rate. From the 
nature of the case it is obvigus that this proportion 
•wilFvary considerably according to the class of fabric; 
and that whilst for some plain and simple fabrics, such 
as the ordinary run of jute goods, it may be only equal 
to, or even less than, the weaving rate, yet for other 
fabrics, such as those produced by dobby and jacquard 
mechanism, in conjunction with box looms, this amount 
may reach two or even three times the weaving wage. 
, Fdr jute apf linen fabrics it is usually sufficient to add 
from 1 to 1^ time the weaving rate, but such addition 
will be determined by each individual manufacturer on 
lineg simily to those suggested above. Where goods 

are sold finished and made up this further item has to 

• 

be added. Should finishing be performed in the factory 
,it m^ bfe difficult to separate the cost of this process 
from that of the others, and in such cases it ^ould 
probably be included with them; but where the goods 
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are finished outside it is generjilly possible, and always 
preferable, to add the cost of finishing as a •separate 
item. At this point the finished cost is reached, but 
beyond this, agents’ commission, carriage, and profit 
have to be added to obtain the selling price. 

With a view to simplif)dng matters in the following 
calculations, advantage will be taken of those q^amples 
of fabrics already given from Example XXXV. onward. ^ 
In the majority of these examples it will be observed 
that, due to the nature of the calculations, ifo allowance 
is made for waste in the various processes.’* In con¬ 
sidering the cost, however, such allowance is always 
necessary in the case of the weft, and generally necessary 
in the warp, the exceptions in the latter being the cases 
where the warp has been purchased in the chain or in 
the beamed condition. 'For the finer classes of ^ute 
and linen fabrics a waste allowance of 3 to 4 per cent, 
is usually considefed sufficient, but for coarse jute and 
tow yarns it may be necessary in some cases to increase 
this to 5 or even to 6 per cent. 


Example LI .—^To find the cost per yard of an 11- 
porter, 40in. hessian, lOJozs. per yard, 13 shots per 
inch finished. Warp, 91bs. per spyndle, dressed, at 24d. 
per lb. Weft, 8^1bs. per spyndle at l^GJd. per* 
spyndle. Weaving, Is. S^d. per 108 yds. of warp. 
Other expenses equal to weaving. Finishing and making 
up, Y^d. per yard. Finished length, 105 J^ds. Reed 
width, 43^-in.; add 3 per cent, to weft quantity for waste.* 


Reed _ 

'Rireads per inch. width. length. Pence. 

11 po herx20 x 2 x 43im.xl08 yds-x9lb. 2i-Ife-93 

37 X 14,400 yds. per spyndle at - 82 93 


Warp. 

Warp 

leneth. 
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.Weft, 

, ^ed Cloth 

width. length. 


13 shots X 43Mii. X 105 yds. x 103 


U,4UU yds. per^yndle =78 62 

% waste. 

Weaving ..= 17-50 

Expenses.= 17'50 

Finishing.105 yds. at 3 ^d.= 8’75 


205*30 

^ 05*3 
r o5 yd s. ^ 

Example ^//.—^To calculate the cost per yard of a 
10-porter, 45in., 20ozs. D.W. tarpauling, 12| shots 
per inch finished. Warp, 8^1bs. per spyndle, at Is. 6|d. 
per spyn^e on spools. Weft, 141bs. per spyndle, in 
cops, at l|d. per pound. Dressing 2d., and weaving 
Is. 7d. per cut of 108 yds. warp. Expenses same as 
weaving rate. Finishing, per yard. Cloth length, 
,103.yds. Reed width, 48in. Add 1 per cent, to warp 
for dresser’s waste, and 3 per cent, to^weft for weaver’s 
waste. 

Warp. 

Reed Warp Waste 
Threads per inch. width. length, allow'ce. 

10 porter x 20 >< 4 x 48in. x 108 yds. x 101 

3^ X 14.400 yds. x 100“ 

P6TIC6* 

7*86 spyndles at Is. 6|d. = 144*43 


Weft. 


Reed Cloth Waste 

width. length. allow'ce. 


12| shots X 48in. x 103 yds. x 141bs. x 103 
■ ,400 3 j^s. per spyndle x 100 


= G1*881bs at l|d= 116*02 


Dressing .= 2*00 

Weaving.= 19*00 

Expenses . = 19*00 

Flashing.103 yds. at ^d.= 6*44 




306-OOd. 
103 yds. “■ 


2*98d. ; say, 3d. per yard. 
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Example LIU .—^To find the cost per* yard of a 10- 

® (i • 

porter, 28in., 20ozs. twilled sacking, 10J shots ^per inch 
finished. Warp, 81bs. per spyndle, in chain, at 2Jd. 
per pound. Weft, 321bs. per spyndle in cops, at llr^d. 
per pound. Weaving, Is. 4d. per cut, of 108 yds. warp. 
Expenses ditto. Finishing y^gd. per yard.* Cloth 
length, 102 yds. Reed width, 29|in. Allow 4 per 
cent, for weaver’s waste on the weft only. 

Warp. 

10 porter x 20 x 6 29iin. x 108 yds. x 81bs. « 

37 ^ " 14,400 yds. 

Pence. 

57-401bs. at 21 = 129*15 

Weft. 

W.iste. * 

lOJ shots X ‘291in x 102 yas x 321bs 104 

T4,Too yds: ^100“ 

73*021bs. at lHd. = 123*22 


Weaving .= 16*00 

Expenses . \ .= \,6''00 

Finishing...102 yas, at ^gd. = 6*67 


290.04 

290*04d 

=2*84d.; say, 2}§d , per yard- 


Example LIV .—^To calculate the cost per yard of a 
12-porter, 36in. imitation tapestry, 14 shots per inch. 
Ground warp, lllbs. dyed and starched, at 2Jd. per 
pound; dyeing, fd. per pound extra.S^ile wA'p,, 
2 ply 91bs., dyed, at 23^0d. per pound; dyeing, fd. per 
pound extra. Weft, lllbs., at 2jd. per pound; dyeing, 
fd. per pound. 75 yds. of cloth from 140, yds. o^pile 
warp, and 70 yds. of ground warp. Reed width, 36^in. 
Winding, single warp at |d. per spyndle; twist warp 
at Id. per spyndle ; weft at 2f‘6d. per spyndle. • W&rping; 
2d. j)er spyndle. Weaving, 4s. 6d. Expenses, IJ 
time weaving. Add 4 per cent, to all quantities for 






JUTE AND LINEN WEAVING (CALCULATIONS). II 3 


winding and t>ther wastes. Note thajt although the 
yams lose®in weight in dyeing, the latter is charged upon 
the calculated grey weight. It is also considered con¬ 
venient in practice to first calculate the price per 
spyndle of the various yarns in their dyed and wound 
conditiolis. Thus;— 


nibs, ground warp at (2^ per pound+f per pound dyeing) = 
2s. 7^4. per spyndle,+ |d. per spyndle winding =2s. 8|d. per 
spyndle. 

2x91bs. pile warp at (2^ per pound+ |- per pound dyeing) = 
4s. 9|d. por spyndle + Id. per spyndle winding = 4s. 10|d. per 
spyndle. 

nibs. wett*at (2^ per poundper pound dyeing) = 2s. 6Jd. per 
spyndle + 2^ per spyndle winding =2s. 8^d. per spyndle. 


Ground Warp, 


Threatls per inch. 

12 porter x 20 x 1 
37 


Reed Warp % 
width, iength. Waste. 

36|in. X 76 yds. 104 _ 

^ 14,400 )ds;" ^^100~ 

Pence. 

1'3 spyndlesat 2s. 8Jd. = 42-25 


Pile Warp. » 

12x20x2 36^in; X 140 yds 104 
~“37 ^ 14400 yds. “ ^ 100“ 

4*79 spyndles at 4s. 10|d. =279*62 


Weft. 




14 shots X 36^in. x 75 yds . 104 
14,400 yds. per spyndle. ^ 100 

• Warpinps?. 

WeaviEig. 

Expenses. 


2-77 spls. at 2s.^^d.= 89*86 

.... 6 spyndles at 2d. = 12*00 

..at 4s. 6d.= 54*00 

.Iix4s. 6d.= 67*50 


545^2d. 
75 yds. 


545*22 

7*27d. per yard ; say, 7^d. per yard. 


* Example LV .—^To calculate the price per yard of a 
^ 34-p«rtef, 27in. tent duck with 38 shots per inch. 
Warp, djlbs. flax at 2s. 8|d. per sp 5 mdle, plus Id. pfer 
poftnd bleaching, or 4Jd. per spyndle, i.e., 2s. 8|d. + 
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4Jd. = 3s. Id. per spyndle bleached. Weft, 4lbs. flax 
at 2s. 6d.+ 4d. for bleaching = 2s. lOd. per ^spyndle. 
Warp length, 144 yds.; cloth length, 120 yds.; reed 
width, 29in. Add 4 per cent, to all quantities for 
waste. ^ Warp winding, ^d. per spyndle ; weft winding 
Id. per spyndle; warping and dressing, 6d; ^weaving, 
4s. 6d.; expenses, including finishing, 5s. This cloth, 
with from 5 to 7^ per cent, waste allowance in the yarn 
bleaching, will weigh from lOozs. to lOJozs. per yard. • 

Warp, 

Threads per in. Reed Warp Waste 

in reed. width. length, allowance. 

34 porter 20 x 2 x 29in. x 144 yds. x 104 
37 “x “14,400 xl00“ 

Yards per , 

spyndle. Pence. 

11*08 spyndles warp at 3s. Id. =409*96 

Weft. 

Cloth Waste 
length, allowance. 

38 shots x 29in. x 120 yds. x 1^_ , 

”147400 yds. per spyndle x 100 ~ 

^ 9*66 spyndles weft at 2s. lOd.=324*70 

Warp winding.11 spyndles at fd. = 6*60' 

Weft winding.9^ spyndles at Id. = 9*60 


Warping and dressing .= 6*00 

Weaving.at 4s. 6d.= 64*00 

Expenses, including finishing ... ..at 5s.= 60*00 


869*66 

8C9"66 pence - 

"120 ydi:" pence, or 7id. per y^d, ^ 

Example LVI .—To calculate the cost per yard of a 
24iii. checked union glass cloth made in a ,9“ reed, 
40in. scale, with 10 shots per glass finished. Reed 
width, 26in.; 72 yds. of cloth from 80 yds. of warp; 
nine-tenths of the warp to be 12’s cotton bleached at* 
9d. per pound—t.e., 8d. per pound for the yarikplus Id. 
per pound for bleaching; one-tenth of the warp to be 
2/24’s blue cotton at lid. per pound; ten-elevenths 










JUTE AND LINEN WEAVING (CALCULATIONS). II 5 


of the weft to be 30’s lea bleached at 5s. lOJd. per bundle, 
and one-eleventh to be ^/24’s blue cotton at lid. per 
pound. Add 4 per cent, for waste to all yarns except 
the 12*s bleached cotton warp. This warp would 
be received in chain form, but would require beam¬ 
ing and *dressing; the blue cotton would be received 
in hank and would therefore require winding for 
both waTp and weft. Winding for blue-cotton warp, 
•Id. per 30 hanks ; cotton weft, Id. per 20 hanks ; linen 
weft, Id. per 4 hanks or 48 leas ; beaming and dressing, 
4d.; weaving, 3s. 6d.; expenses, including finishing, 
4s.; all the latter per cut of 80 yds. warp. 

, Warp. 


Threads per in. 
in reed 


Reed Warp 
width. length. 

900 X 2 X 26i^ x 80 yds. 


40 X 840 yds. x 12 hanks per pound 


=9.291bs. of cotton warp net. 


Weft, u 

• Shoft per inch. «««* 

10 shots X 200 X 26in. x 72 yds. , , ,, r .. . 

37 X 60,000 yds. per bundle-bandies of weft net. 


I’ence. 

=76-24 


9•291bs. X ~ 8-361bs. of 12’s cotton bleached at 9d. .. 
tl 104 

9'291bs.x^xj^ = 

0-9661bs. of 2/24’s blue cotton at lid. = 10-62 

1 nor, u .11 10 104 

1 -687 bundles x fj x = 

, 1 -596 bundles of 30’s linen at 6s. lOJd. = 112-44 

4.687 bdls. >^'4 x 60,000 yds._104 

11 X 840 yds. x 12 hanks ^ 100 “ 

0.-961bs. of 2/24’8 blue cotton at lid. = 10-46 
Winding blue cot.warp,0-9661bs. x 12 hnks. x ^d. per hank = 0-38 
„ weft, 0*9501bs. x 12 „ x i^d. „ = 0.67 

,7 linerf weft, 1*695 bdls. x 16| „ xjd. „ = 6-65 

Beaming and dressing.= 4.00 

Weaving.at 3s. 6d. =42-00 

Expenses, including finishing...at 4s. =48*00 

f 


310*36 pence . ... , 

• ~ 72 y d s:— pence, ; say, 4^d. per yard. 


310*3tf 

» 
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Example LVJI .—^To calculate the cost per yard of a 
27in. bleached union huckaback. Reed 40-,porter, 2 
threads per split, with 55 shots per inch finished. Two- 
fifths of the warp to be 20’s line at 8s. 3d. per bundle 
bleached, and three-fifths to be 2/16’s cotton at 8Jd. 
per pound bleached. Weft, 18*s lea tow at 7^. 9d. per 
bundle bleached. Reed width, 30in.; warp length, 
80 yds.; cloth length, 72 yds. Add 4 per ceht. to all 
for waste allowance. Winding lea warp, 2d. per bundle ' 
and lea weft, 4d. per bundle. Winding r-otton warp, 
3d. per 72 hanks. Warping and dressing, 4Jd. Weav¬ 
ing, 3s. lid. Other expenses, 4s. 9d. 


Lea Warp. 

Threads per in. Reed Warp Proper, 

in reed. width. length. ‘ ‘ of warp. 

45 port er x 20 x 2 x 30in . x 8 0 yds, x 104_x 2_ 

37 X 60,000 yds. per bundle x lOO x 5 ~ Pence. 

0*809 b lls. at 8s. 3d. =80*09 

' I 


, Cotton Warp. 

Threads per 
in. in reed. 

45 X 20 X 2 x 30in. x 80 yds, x 104 x 3 _ 

37 X 8’s X 840 yds. x 100 x 5 ~ 

(2/16's) 10*841bs. at 81d. = 89*43 


Weft. 


Cloth 

length. 


Waste. 


55 shots X 30in. x 72 yds. x 104 _ • 

60,000 yds. per bundle x 100 ' \, 

2*059 bundles at 7s. 9d. = 191*48 


Winding lea warp, 0*809 bundles at 2d. per bundle .... = 1*62 
„ cotton warp, 10*841bs. X 8’s. =86*72 hanks at Y^d.= 3*61 

„ lea weft, 2*059 bundles at 4d. per bundle_== 8*24 

Warping and dressing.at41d.= 4*50 

Weaving .at 3s. lid=47*0,0 

Expenses .at 4s. 9d. =57*00 


( 




o 


4J^*97 pence 
72 ’]^s. 


=6*71 pence ; say, 6|d. per yard< 


«- 

482*97 

(I 


4 
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Example LVIII .—^To calculate the cost per square 
yard of a* fine bleached damask, 72in. wide, made in a 
1,200’s reed, 40in. scale, 3 threads per split, and count¬ 
ing 27 shots per glass finished. Contraction from 
reed width to finished width, 7 per cent., and from warp 
length to*cloth length, 4 per cent. Add 3 per cent, to 
all quantities for waste. Warp, 50’s lea line boiled at 
6s. 6d. per bundle; weft, 75’s lea line boiled at 4s. per 
bundle, both less 3 per cent, discount. Warp winding, 
Is. per 100 banks; weft winding, 2s. per 100 hanks; 
warping, 4d. per 100 hanks ; dressing, 8d. per 100 yds. 
warp. Weaving,. 32s. per 100 yds. warp ; expenses, 48s. 
Bleaching ^nd finishing, l|d. per square yard. 


Warp. 

Thds. per Keed Warp 

’ in. in reed. width. lenfjdi. 

1,200x3x 72 X 100 X 100 yds. x 103 
• 40 ^ X 93“x 00,000 yds. xlOO “ 

97 Pence. 

11’96 bdls. x5s. 6 d. per bundle XjQ^p rf:ent. disct. =765’68 


Weft. 

Shots Reed Cloth ^ 

per inch. width. length. «»sie. 

27 X 200 X 72 >U0qx 90 yds. x 103 _ 

37” x93 x 00,000 yds. x 100 ~ 

97 

I8'62 bdls. X 4s. per bundle Xjqq= 80G'96 
Ws.rf> winding ll*90 bundles xlOf hanks x^^^od.= 23*92 

Weft .. • 18-82 xiej ., XiVbd.= 74-47 

ViTarping.11-90, ,, x 10| „ X x^od. ....= 7*97 

Dressing.at 8 d.= 8*00 

Weaving .at 32s. =384*00 

Expentes ....*..at 48s. =570*00 

Bleaching and finishing 96 yds. x 2 = 192 yds. at l|d. per 
*square yard.=264-00 


2,970-99 pence 

90 yds. X 2 
Square yards. 


2,970-99 

15*47 pence ; say. Is. S^d. per square yard. 
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A tablecloth- of this quality, in size 2 yds. wide by 
2^ yds. long, would therefore cost 2x2|=5 square 
yards at Is. 3§d. = 6s. 5|d. 

In jute and linen weaving, generally, the incidental 
expenses of production as a proportion of the weaving 
wage will vary very little for the different examples of 
any particular class of fabric. In damask weaving, 
however, the proportion of the expenses to the weaving 
rate may, on account of the design, vary considerably 
for cloths of the same quality. It is well-known that 
there is a large variety of patterns introduced into any 
one class of such goods. In the above example, there¬ 
fore, the allowance for expenses, although 1^ times the 
weaving rate, is independent of the cost of the sketch 
or design, of the painting of same on design paper, 
and of the cards necessary to weave the cloth. The 
extra amount which should be added will obviously 
depend upon such considerations as :— 

{a) The price of the sketch, which is usually indepen¬ 
dent of the size or capacity of the jacquard. 

(6) The price of painting the design, which increases 
rapidly as the number of hooks employed increases, and 
is approximately proportional to the square of such 
increase, although in many cases this proportion is much 
exceeded. 

(c) The number, and therefore the cost, of cards, the 
cutting, and the lacing are, like the painting, approxi¬ 
mately proportional to the square of the increase m 
the number of hooks. ‘ *“ 

^ I 

{i) The number of cloths to be woven may be great 
or small. It is quite evident that this part alone*^ will 
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influence, ii^ a great measure, the ultimate actual cost 
per cloth. * 

It is therefore considered best in such cases to add 
the cost of actual working only, as is done with the 
ordinary fabrics, and then to determine these extra 
amounts for each particular case. 



CHAPTER IX. 

The Analysis of Fabkics. 

The Analysis and Structure of Jute \md Linen 
Fabrics .—The analysis of jute and linen fabrics, or 
indeed of any unfelted cloth, presents few ‘ difficulties 
which cannot be overcome by r. little experience, 
and by the exercise of an ordinary amount of ^ 
care and judgment. ' To ensure accuracy, however, 
especially in the finer fabrics, the student should be 
provided with k fine balance (maximum load about 
50grms.), sensitive to 0*05 grain, with a box of weights, 
say from 100 grains down to 0*01 grain, and with a 
steel or wooden measure graduated in both British 
and metric systems. The chief object of most analyses 
is to determine the sett of the fabric, both warp and 
weft, together with the counts of thfese yamsp In 
addition, it is often necessary to analyse fdr the weave 
or texture, and sometimes to determine the nature and 
quality of the fibre. There are three general methods 
by which we can proceed to determine the nature of 
the fibre. These are :— ^ 

1. Ordinary observation. 

2. Microscopical examination. 

3. Chemical reactions. 

With regard to the last method, many chemical tests 
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have from time to time been given to the public for 
the purpffte of distinguishing between the different 
vegetable fibres. Most of these tests have special 
reference to linen and cotton, as there is a growing 
tendency to mix the two kinds of yarns in what are 
considerefi tj^ical linen fabrics. Due, however, to 
the fact that both fibres are of practically the same 
chemical* composition—cellulose—^it is very difficult 
to obtain, by means of any chemical agent, a characteris¬ 
tic colour or, feature in one fibre, which the same agent 
does not impart in some degree to the other. We have, 
on various occasions, applied several of the tests with 
varing degrees of success, and consider that, except 
' when in the hands of an experienced chemist, such 
tests are unreliable. A list of the most important is 
given below. 

* 1. *The fabric is immersed in a highly-concentrated 
solution of sugar and common salt, thfcn dried, and the 
yarns separated. Flax threads carbonise a greyish 
shade; cotton, black. 

2. A strip of the fabric is steeped for two minutes in 
a boiling 50 per cent, solution of caustic potash (KOH). 
After wringing, washing, and separating the threads, 
flax is stained deep yellow, and cotton light yellow. 

3. When cotton cellulose and flax cellulose are put 
into concentrated acids, the former is more easily 
affecfed. llie fabric is washed in sodium carbonate 
(Na COg) to remove the gummy substances, dried, and 
immer»ed • in concentrated sulphuric acid (H^SO^). 
the fabric becomes semi-transparent, cotton is converted* 
into^um, while flax remains white and opaque. After 
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washing, neutralising with alkali, re-washing, and 
drying, the cotton will have'entirely dissolv^ed, and its 
amount may be estimated from the loss in weight. 

4. 4 strip of fabric dried in hot air (100° C.) is steeped 
for several minutes in clear oil and then pressed. Flax 
becomes transparent and cotton remains opac^e. 

5. The threads and picks are removed apd placed 
in a 1 per cent, alcoholic solution of fuchsine, washed, 
and then left for three minutes in ammonia. Flax 
threads are dyed rose-red; cotton threads ire unaffected. 

G. The fabric is wetted with an alcoholic solution of 
rosalic acid, then with caustic soda. Flax is coloured 
rose-red ; cotton remains white. 

7. The yarns are immersed in a cold concentrated 

solution of caustic potash. Both threads shrink and* 

^ « 

twist, but cotton remains pale grey, while flax#turns 
orange-yellow, ^ This test is only applicable to un¬ 
bleached goods. 

A test which may be considered more of a physical 
than of a chemical nature, and one by which good results 
have been obtained, is to immerse either a single thread 
or a number of threads in a concentrated (say 50 per 
cent.) solution of caustic potash. A single thread of 
cotton so treated will immediately unwiitd and curl 
in a peculiar manner.; while a single thread of flax 
unwinds much more slowly. If a few threads of the 
unknown fibre be plunged into the liquid, they \ldll, if 
cotton, exhibit the same tendency to unwind, and \n 
addition will twist together and appear moretor less 
‘similar to a rope. On the other hand, the threads, if 
flax, will show only a slight tendency to unite.* The 
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difference in the behaviour of the two fibres in such a 
solution |fiay perhaps be due to the peculiar physical 
features of the two fibres. 

As seen through the microscope, cotton resembles a 
flattened and twisted tube, with thickened edges, the 
latter having a tendency to curl inwards. This feature 
is evident from an examination of Fig. 7 , which shows 
a generaf view of four such fibres, but it is more apparent 
*in the cross-sectional view of similar fibres illustrated in 
the same figure. 

Flax, when microscopically examined, shows a per¬ 
fectly straight, straw-like structure, with cross markings 
at intervals. These marks are somewhat similar to 
those of a bamboo cane, and are clearly shown in Fig. 8 , 
which is a general view of this fibre. Under high 
magnification numerous striations or apparent cracks 
^appear in the cell walls. These are, however, more 
clearly seen if the fibre is stained, Say, in a solution 
of iodine before being placed under the object glass of the 
microscope. The cross-sectional view, Fig. 8 , shows 
that this fibre varies considerably in thickness, while 
its shape changes from ellipses to irregular pentagons 
and hexagons. In the majority of cases the central 
canal is v^ry small. 

A microscopical examination of the jute fibre reveals 
no characteristic markings, although, as in Fig. 9 , faint 
cross marlK may sometimes be detected. The fibre 
Appears perfectly straight arid straw-like, and is 
gener%lly,streaked in a longitudinal direction. This 
*seems to indicate different degrees of transparency, fos, 
whon the cross section of the fibre is examined,* see 
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Fig. 9 , it is seen to be composed of i group of cells 
bound together by a gummy and semi-opaque sub¬ 
stance. The longitudinal marks are probably due to 
this substance which joins up the different cells in the 
group. The central canal of the cell is rather large. 

Figs. 7 to 9 are magnified about 136 diameters, and, 
for purposes of comparison with the actual diajueters of 
the fibres, we have included, between each genera^ 
view and section, a number of divisions, each equal 
to one-thousandth of an inch, magnified to the same 
degree. 

Jute being a ligno-cellulose, is suppose^ to give 
certain characteristic colours when treated with certain 
chemcals, e.g .:— 

Iodine and sulphuric .acid solution turns jute yellow. 

Iodine and sulphuric acid solution turns flax blue. 

Phloroglucine thloride turns jute bright red. 

Phloroglucine chloride has no effect on flax. 

Here, again, the results are_ not always reliable. 

Fortunately, however, the jute fibre is seldom difficult 

to detect, nor does the necessity for doing so often arise, 

since it is generally manufactured in the natural or 

$ 

grey condition. Limited quantities of jute,*'as well as 
of flax, have at times been “ woollenised ” by chemical 
treatment, but burning affords a ready means of dis¬ 
tinguishing between vegetable and animal fibres. The 
former burn freely without smell, while the latter scarcely 
burn at all^ but simply fuse and frizzle up, give «ofE an 
tmpleasant smell, and leave behind a dark-brown or 
black ash. These two types of fibres can also^be easily 
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Fig. 7 
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Fig. 8 
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distinguished by means of acids and alkalis. Vegetable 
fibres soluble in the former and insoluble in the 
latter, whereas the animal fibres are soluble in alkalis 
and scarcely affected by the acids. 

When a yarn consists of one kind of fibre only, the 
microscope is perhaps the most reliable test. It is 
quite common to find wool and cotton mixed in the 
same y&rn (in such cases the relative quantities of each 
may be obtained by treating the yarn with either acid 
or alkali)., The difference in the length, and in the 
nature of cotton and flax fibres, prohibits a similar 
mixture. The fibres of flax and jute are more suited 
for such ^combinations ; still it is very rare to find a yarn 
which is composed of these two fibres. When such 
mixtures do obtain, it is quite clear that the exact 
proportion of each fibre can be obtained, if at all, only 
by .some chemical test; for the microscope, although 
capable of showing the difference iy the fibres, is in¬ 
capable of doing more. 

Linen and cotton yarns can usually be distinguished 
from each other by ordinary observation, chiefly on 
account of the difference in the length of the two fibres. 
Cotton is short and wavy, varying in length from about 
iia. to 2in.; "while flax varies in length from 6in. to 36in. 
*in the fibrous condition, being, however, considerably 
reduced in length when spun. If, therefore, a thread of 
unknown material be untwisted, and a number of 
fibres removed, the length of the latter will afford 
‘some clue to the material; if cotton, no length wdll 
exceed 2vi., but if lea or flax line yarn, the fibres may 
*be much longer. Flax tow yams are not so easily 
distinguished in this manner, for the fibres are much 
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Fig. 9 
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shorter than tliose of flax-line yarns; but here again 
the high* reflective power of the flax as compared with 
the low reflective power of cotton is sometimes sufficient 
to determine the fibre. It is here assumed that the 
cotton has not been mercerised, for yarns subjected to 
this process have as high, if not a higher, reflective 
power than flax ; if this is suspected the yarns should 



• Fig. 10. 

be tested more accurately. A very common method 
of testing ^ fabric for cotton or flax is to clip two sides 
^and attempt to tear the cloth. If the fabric has not 
been severely damaged in the blea,ching process, the 
, cottdh tHreads will be the more easily torn. 

Weave analyses of jute and linen fabrics presept fio 
serious difficulties, for the weaves of the greater majority 
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of such fabrics may be written, down by a student of 
ordinary experience without removing a single thread. 
Still, when a systematic analysis is imperative, perhaps 
the best method of procedure is as follows : A small 
portion of the fabric containing a few repeats (if possible) 
of the design both by way of the warp and of Ae weft 
is cut at the bottom and right-hand side approximately 
square by a thread, then the threads of warp and weft 
are removed until about a Jin. of the interweaving yam 
is exposed. The threads of the warp (or of the weft, 
if more convenient) may then be separated one by one 
from the main body, as shown in Fig. 10, and their 
intersections or order of interweaving read ‘off and 
recorded upon design paper in the usual manner. 
Before this can be done it is, of course, necessary to first 
determine which is warp and which weft. This is 
really the first step in the ordinary analysis, and is 
sometimes a difficult point to decide. There is, however, 
a number of guides which help to distinguish between 
warp and weft, e.g .,— 

1 . The presence of part of the selvage : this should 
be looked for first. 

2 . The student should next examine the cloth care- 

• 

fully by looking at and through it for reed n^arks, or 
the grouping together of one series of threads in twos, 
threes, &c., according as the warp has been drawn 
through the reed. A large number of cl#ths, and 
especially the lighter makes, show these marks 
distinctly, and thus indicate the warp without doubt. 
In heavily-finished fabrics, however, such as bleached 
damasks, the reed marks are obliterated; but a close 
examination of these fabrics will show one series of 
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threads (the watp) to be ^perfectly straight, since they 
have been^ubjected to a tensile strain both in weaving 
and in finishing. The weft in such cases is more or 
less wavy, since the cloth contracts in width both in 
weaving and in finishing. In addition to this wavy 
appearance, the weft has a tendency to assume a curved 
shape, by reason of the tension during the finishing 

O 

processes. 

* 3. In furies of the one-sided type, such as drills,' 
ticks, &c., the bulk of the warp forms the right side of 
the cloth, .and this is easily seen by anyone of 
experience. A guide in such cases is the fact that the 
warp threads per inch in general considerably exceed 
those of the weft. In the finest damasks the picks 
exceed the threads. 

In bleached huckabacks the-floats in the warp are 
Straighter and more uniform than those made by the 
weft. The same remark applies to all cloths which 
contain long floats in both directions. 

4. In all fabrics which have been finished in the loom 
condition a touch of iodine in solution wiU at once 
indicate if the warp has been starched or dressed, by 
causing it to turn bluish-black or brown. It is obvious 
t;hat such a test is not applicable to goods which have 
been bleached, nor to those which have been starched 
previous to finishing. In the first case the bleaching 
remoyes thg starch obtained in the dressing process, 
while in the second case the starch covers warp and 
weft alike. 

„ 5. If* th6 threads of one set are two-fold, and the 
other set single yarn, the former is usually the wsjrp,* 
although not invariably. 
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6 . The fact that the warp thread^ are generally 
twisted harder than the weft is also considered a means 
of discriminating between them in a piece of cloth. 
Twist, however, varies with the count and quality of 
the yarn, with the method of warp preparation, and 
also according to the effect desired ; it is, therefore, not 
a very reliable test. 

7. The direction of the twist in some yarns determines^ 

which is warp and which weft; but in jute and linen 
yarns this is valueless, since both warp ahd weft are 
twisted in the same direction. • 

8 . In fabrics of the double-warp order, or those in 
which two threads of warp are drawn through one 
heddle or mail of the harness, the warj) is, of course, 
self-evident. 

y. A broken pattern usually indicates the weft.t . 

10 . Wrong drafts indicate the warp. 

11 . Cracks in the cloth, termed “ gaws,” “jesps,” 

“ shires,” &c., are usually in the way of the weft. 

12 . Stripes in one direction only are usually in the 

warp; but this is not a safe guide, for many fabrics 
are woven with the stripes in the weft. * For crashes, 
plain ticks, &c., the guide is safe. • 

After having successfully determined the warp and 
the weft ways of the fabric, it is better for^the analyst 
to draw a line on the fabric in the direction of the warp 
to prevent further doubt. If necessary, he should then 
proceed to analyse for the weave of the cloth, And to 
dico^id it as already described. Then with the aid of 
scissors and a clearly-marked measure he should‘ cut 
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out a square of the fabric, each side of which is exactly 
3in., taking care that his cutting is exactly by a thread 
both ways. This square should then be weighed 
accurately in grains, its weight recorded, and further 
esilculated in ounces per square yard, or yard per given 
width, as^nay be thought desirable. A square yard is 
recommended for the purpose of comparison. Warp 
threads must now be separated from weft threads, the 
ftumber 0 / each carefully taken, the total of each set 
weighed accurately, and these facts recorded. In the 
separation pf the warp from the weft a small loss in 
weight will be observed; the difference between the 
combined weight of the war}) and weft and the weight of 
the cloth should be added in about equal proportions 
to the weights of the war}> and the weft, unless it is 
* clearly seen that one set loses much more than the other. 
The flext step is to measure accurately in millimetres 
the average length of the war}) and wtft threads when 
these are stretched to their extreme length. These 
lengths should always be taken on the full side, and 
especially in the case of linen, since it is nearly impossible 
to straighten out such threads to their original length 
when once they have been interwoven in cloth. 

, , From the^ facts now obtained it is })ossible to calculate 

the sett*of the fabric and the counts of the yarn in the 
following manner:— 


As a specimen case, let us take a plain brown linen 


faj)ric in which the warp is easily distinguished by the 
reed marks. The square of cloth with 3in. sides, or 
9 *sq. inT, weighs 20*8 grains. 


. 20*8 grains x 1,296 sq. in. in I sq. yd. „ „, • , 

■ • i iq. in; x grains =6-84oz5. per square yard. 


K 
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In dissecting it is found that— 


112 warp threads weigh . 10*4V grains. 

And 108 weft threads weigh . 10-12 „ 

Total weight of yarn. 20*67 grains. 


Weight of cloth—weight of yarns =loss in dissecting. 

.-. 20-8 grains—20-57 grains=0*23 grain loss. 

Adding this waste in approximately equal proportions 

to warp' and weft:— 

Warp = 10-45+0*12=10-57 grains ; and 
Weft =10-12+0-11 = 10-23 „ 

Careful measurement of the warp th^'eads, after 
extending, is found to be 82mm., and of the weft threads 
81mm. 

The original length of the cloth is always assumed to 
have been Sin. x 25* 4mm. per inch = 76 •2mm., say 
76mm. 

The calculation for the warp lea count is therefore 
. \ 

as follows :— 

I.engtli fif warp in >ard<. 

112 tlireads x3in. X 82mm. 7,000 grains per pound _ . 

3Gin. per yard X 76mm. ^ 10*67 grains x 300 “ ' 

Weight of Yards per pound 
warp. per lea. 


Weft. 


108 X 3in. X Slmmi 7,000 
36in. X 76mm. ^ 10-23 X 300 


=21-87 leas per pound. 


In the above example the counts appear to be prac¬ 
tically the same, viz., 22 leas each ; but a closer examina- 

i % 

tion of the yarns reveals the soft nature and the paler 
shade of the warp, which leads to the conclusion that 
it has been boiled and that the weft has not. Alcowance 

ij 

‘ for boiling would, of course, decrease the warp count 
in proportion, and the probability is .that the- grey 
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counts of the yaVn were 20’s lea warp and 22’s lea weft. 
At this stage it is advisable to take the yarns and 
compare theip with other yarns which are known to 
be 20’s and 22’s respectively. 

Further examples will be given, which will show how 
this bleacliing allowance should be treated. The picks per 
inch in the loom should be slightly in excess of those in 
the cloth, to allow for the “ draw ” in finishing. It is 
fmpossible to determine this allowance accurately, 
since the rough length of the cloth is not known; but 
for cloth of# this character an allowance of from 2 to 4 
per cent, is usually enough. 


Threads For 
per incli. cent. 

108 103 
•’* 3 ^100 


= 37 picks per inch in loom. 


or 


37 


37 picks X = 6*85 pfcks per glass. 

If 7 picks per glass were given, it wq^uld equal— 


7 x*^g!^ = 38 picks per inch nearly. 

This is one of the faults of using so small a basis of 
37 

counting as of lin. In the coarser fabrics it would 


be lyuch better to adopt lin. as the basis of counting, 
and it^is Wrongly recommended that all counting of 
threads when “ glassing ” a fabric should be done on 
the largest available measure, because the tendency 
to errt>r is Aus reduced to a minimum. 

•The calculation for the sett of the reed is as follows :— 


Wett 

• cvniraction. 

112 threads x 76mm. 


40in. reed basis 


Thready per in. 
in reed. 


38 X 1mm. 2 thds, per split 


-700 reed on 40in. scale.® 
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Thejabove facts should be^ collectedMn tabular form 
as und^r :— 


1. Description and weave of fabric.Plain brown linen. 

2. Weight of square of Sin. side (9 sq. in.).=20’8 grains. 

„ ^ 20-8 X 1,296 _ 

3. ,, per square 3 rard.=0^84oz. 

4. Total number of warp threads in Sin. 

5. „ ,, weft ,, „ .=108 

% 

6 . Total weight of warp 10'45+0*12 .=10*57 grains. 

7. „ weft 1012+0*11 .=10*23 

112 

8 . Threads per inch in warp ^ .=37J per inch. 

lOfi * 

9. weft 3 °.=36 

10. Length of warp threads when stretched .... =82mm. 

11 . ,, weft „ -=81 ,, 

12 . Count of warp - gg ^ 76 x 10-573?300 ■ • • • =22-28 leas. 

,o fa 108x3x81x7,000 

13. weft - - 3 g ^^ jq .23 .... -21*87 „ 

14. Sett of reed ^^3 ^ si x ''' ’ ’. 

36 y fl] 

16. Width in reed for 36in. cloth ——.=38*4in. (pro- 

^ bably39in.) 

16. Picks per inch in loom.* ‘ 


Example LIX .—^Analysis of a jute hessian in the 
rough or unfinished condition, commonly terped a 
rough hessian. On the right-hand side of Fig. 11 
(which is produced from a photograph of the doth) 
appear two warp threads; the one nearer tMe cloth 
' represents the wavy or corrugated form which the yam 
assumes in the cloth, while the thread on the esJtreme 
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right represents* the actual length of the yarn when 
stretched. *The two lengths of yarn at the bottom of 
the figure represent similar conditions of the weft. A 
glance through this cloth at once shows the reed marks, 
and these indicate the warp way of the fabric. The 
cloth is ufidyed, and the warp undressed. 


• Particulars. 

1. Description and weave of fabric.Rough hessian ; 

plain weave. 

2. Weight of square of Sin. side (9 sq. in.).=42‘83 grains. 

3. ,, per 3 rard 40in wide 

. 42-83x36 <40 

9 sq. in. x 437Tgrains“ 

4. Total threads of warp in Sin.=43 

5. ,, ,, weft ,, .=49 

6 . Total weight of warp 19-664-0-34 grains .. =20-00 grains. 

7.weft 22-484-0*35 „ . .,=22*83 

8 . Threads per inch of warp.=14| 

9. ,, „ weft...=16J 

ip. Lctfigth of warp threads.= 86 mm. 

11 . ,, weft „ .=80 „ 

. 20gra nsx36x76xl4,40(f m ikik 

12 . Count of warp 7 000-grams x 3 x se'x 43 '' = 

n weft grai^xje x 76x14 ,400 _ 

LA. „ weit X 3 X 80 X 49 » 

14. Sett of reed 3 x“go “>^40 .=12-6 porter. 

80 

15. Width in reed for 40in. cloth 40in. -=42-10in.(pro- 

• ‘ bably42Jin.) 

16. Picks per^inch in loom.=161 


The cloth has probably been woven in a 13-porter 
reed with lOlbs. warp, and 16 shots per inch of lllbs. 
weft. * Since *the cloth is unfinished, the number of 
picks per inch in the loom and in the cloth is practically 
the sani^; .the slight decrease of picks in the loom is 
tHe result of the higher tension while the cloth is being* 


wovea. 
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Example LX *.—^Analysis of a 3-leaf D.W. twilled 
jute sacto'%. Fig. 12 shows a photographical repro¬ 
duction of the cloth, also of two threads and two 


picks. The warp threads again appear on the right in 
the wavy and distended conditions, while a similar 
disposition of the weft is shown at the bottom of the 
figure. Being a double-warp fabric the warp way of 
the cloth is obvious, whilst the absence of a stain on 


^he application of iodine indicates that the warp has 
not been dr<issed. 

Particulars. 

1. Descriptfbn and weave of fabric .D.W. twilled sacking 

3-leaf twill 

2. Weight of square of 3in. side (9sq. in.).. 75-35 grains. 

3. ,, per yard 28in. wide 

75*35 X 28in. x 36in. _. __ 

—K -.—: c =19-29oz. 

9 sq. m. X 437'5 

4. Total threads of warp in 3in.=117 

5. ,, „ weft ,, .=33 

6. Total weight of warp 40*30-|- 0*35 grains _=40*65 grains. 

•7. • „ „ weft 34*40-f-0*30 .=34*70 

8. Threads per inch of warp.=39 

9. „ „ weft.•-=11 

10. Length of warp threads .=84mm. 

11. „ weft „ .=78 „ 

12. Count of warp 

40*65 grams x 36in. x 76 x 14,400 
7,000 ^aiiis x 3in. x 84 x 117 threads"" ^ spyndle^ 

13. Count of weft 

34*70 grains x 36in . x 76 x 14,400 _oK.oqih. ner 
• 7,000 grains x 3in. x 78 x 33 threads spyndle 

o 117 x76x37 ' 

14. Sett\)f reed ^ g threads per split x 78 x 20 ” ^ ^ porter. 

15. Width in reed for 28in cloth-.=28*74 (pro- 

bably 29in.) 

• • 104 

16. Picks in loom 11 x JgJ x 3.=34*32 in 3in. 

*From the above it may be deduced that the cloth 


was wt>veii*in a 12-porter reed, 3 double threads per 
split of 81bs. warp, and with 34 to 35 shots per jSirt 
of 231bs. weft, the reed width being probably 29in. 
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Example LA'/.—Analysis of a yarn-dyed jute cloth 
intended for the backs of rugs—^usually tdimed jute 
rug backing. In this sample (which is shown in the 
usual way in Fig. 13) several features point out the 



Fig. 13 . 

I 

warp way of the cloth—^.g., slight reed marks; the 
warp is in stripes of two colours, each strij^ consisting 
of three threads, which are drawn through one split of 
the reed. If such stripes were in the way of the weft, 
it would be necessary to weave the cloth in abloom with 
boxps at both ends and a pick-at-will arrangement 
The warp is 3-fold, and the weft 6-fold yam. * 
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Particulars. 

• • 

1. Descri^ion and weave of fabric.Jute rug backing 

plain weave. 

2. Weight of square of Sin. side (9 sq. in.).= 132-9 grains. 

_ , 132-9 x36in. x36in. 

3 . „ per square yard — 9 ^^ 7 ^ 437 : 5 - =43-74oz. 


4. Total threads of warp in 3in.=44 

5. weft „ .=23 


6. Total yeight of warp 68-98-f'0-00 grains _=68-98 grains. 


7. „ weft 63*88+0-04 .=63*92 „ 

• 8. Threads per inch of warp 44/3in.= 14| per inch* 

9. „ ^ „ weft23/3in. =7f „ 

10. Length of warp threads .= 103mm. 

11. „ • weft „ .=77 ,, 


^ ^ ^ 68-98 x36in.x76x1+400 

12. Count of warp —7_oorx 3in. x 103 x 44 


13. Count of weft 


63-92 x36in.x 76x14.400 
7,000 x 3in. x 77 x 23 


r. .. ^ 44x76x37 

14. Sett of reed - g threads x 77 x 20'' 

16. Width in reed for 36in. cloth 

16. Picks in loom 7| x 3 . 


=28-561bs. per 
spyndle. 

=67-721bs. per 
spyndle- 

=8*93 porter. 

= 36-5in. 

=23 in 3in. 


The doth has evidently been woven through a 
9-porter reed, 3 threads per split; and the weft 
probably intended to have been 8 shots per inch. The 

wa|p |^^ = 9*521bs. in the single, and the weft 

*= ll-^8tt)s. in the single; but since all dyed yams 
lose more or less of their weight during dyeing, the 
original counts have probably been 3-fold lOlbs. warp 
and ^-fold T[21bs. weft respectively. This would make 
Allowance for a loss of about 5 per cent, in the dyeing 
of the»wasp, and 6 per cent, in the dyeing of the weft; 
these allowances are under rathter than over the average 
for jute yams. * 
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Example LXII .—^Analysis of a twilled flax sheeting 
(see Fig. 14). The following allowances htve been 
made:— 


1st. 5 per cent, for increase in the dressing of the warp. 

2 nd. 20 per cent, for loss during the bleaching of the warp. 

3rd. ■- 5 per cent, for loss during the bleaching of the weft. 

The warp way of this cloth is evident even from the 

illustration, in which the reed marks are plainly visible. 

Particulars. 

1. Description and weave of fabric .Twjlled flax sheeting • 

*2 serge twill. 

2. Weight of square of Sin. siae (9 sq. in.).=^20*15 grains. 

„ , 20‘15x36in. x36in. „ 

3. .. per sq. yd. 9 ^.q. in. x 437-5 . 

4. Total threads of warp in Sin.= 121 

5. „ weft .=121 

6 . Total weight of warp 11-05+ 0*05 grains -=11*70 grains. 

7. „ „ weft 8*40+0*05 „ ....=8*45 „ 

8 . Threads per inch of warp.=40J 

9. „ „ weft .=40J 

10. Length of w^arp threads.=80mm. 

11. „ weft „ .«.=79 „ 

^ , ll'70x 36x76x14,400x100x100 _ „ . 

12. Count of warp - 7^000 x3 x 80 x121 x lOSx 80 “2 vOlbs. 

• Gain in Lussin 

dressing, bleaching. 

(say 2 |lbs.) per spyndle. 

^ 8*45x36x76x14.400x100 

13. Count of weft x 3 x"79 x 121 'x“ 76’' 

Loss in 
bleaching. 

(say 2 Jlbs ) per spyndle. 

121 X 76 X 37 

14. Sett of reed — 3 - 79 x 4 o~ ••=35'89 porter (say 36 porter). 

16. Width in reed for 36in. cloth .. =37*42 (say 38in.), 

16. Picks per inch in loom.= say 4^ per in 

There is very little finish on this cloth, therefore very 
little draw in finishing. ^ ^ 

Example LXIII .—Analysis of a 3-leaf twill blue-and- 
white ticking as shown in Fig. 15, making the following 
allowances ® 

r 

i 5 % for loss in dyeing the two-fold cotton warp, 

* 15 „ bleaching the flax lea warp. 

20 „ „ weft. 


11 


44 
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Fig. 15. 
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The warp is, of course, clearly indicatect by the stripes 

in the fabric, and the threads are arranged as uiider :— 

White .11 2 2 = 15 white per repeat. 

Blue. 2 4 4 = 10 blue ,, 

Particulars. 

1. Description and weave of fabric .... Blue and white ticking 

3-leaf twill straight 
draft. 

2. Weight of square of Sin. side (9sq. in.) .=26*37 grains. 

- j 20*37 x36in. x36in. ,, • 

3. persq- yd.-8*68oz. 

4. Total threads of warp in Sin.= 180 

5. „ „ weft „ .=142 

6 . Threads per inch of warp.=^0 

7. „ „ weft.=47J 

8 . Length of warp thds., both lea and cot. yarns = 85mm. 

9. „ weft threads .=79 ,, 

10. Total weight of warp— 

62 threads blue cot ton 4*48+0*02 .= 4• So grains. 

118 lea warp 10*59+0*08 .=10*67 ,, 

11. Total weight of weft 11* 10+0* 10.=11*20 „ 

12. Count of cotton warp— 

I.OSS in 
t dyeiiiK. 

62 threads X 3in. X 85 X 7,000 X 95 in w ^ 

840 yds. X 36in. x 76 x 4* S-x"lOO".*4 j 

13. Count of lea warj#— 

118 threads X Sin. X 85x7,000x85 on ^ / on 

SOtTjTdi: X SOlhrx 76 X 10* 67 X100 .(say 20 

Loss in 
bleaching. 

14. Count of lea weft— 

142 threads x 3in.x 79 x 7^000 x 80 _ 

300 yds. X 36in, x 76 x 11*20 x 100. ^ leS 

Loss in 
bleaching. 

iir . , 180x76x37 

16. Reed m porter scale 3-ih rea d5=^>^ ‘ 

porter reed 3 in split). 

79 

16. Reed width for 58in cloth 58 x«?..=60.Sin. (say 

^ eOJin.) 

17fc Picks per inch in loom -^4" X rsh .=48*75 (say 49 

^ per inch).* 


Example ^XIV .—^Analysis of a bleachtd ilinen 
dacnask, as shown in Fig. 16, making an allowance of 
28 per cent, for bleaching from the grey yarn to the 
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Fig. 17 . 
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finished cloth. This allowance may apj^ear high, but 
it is within bounds, for the bleaching loss of siieh fabrics 
varies from 25 to 30 per cent. In exceptional Ccises 
the latter figure is exceeded. The warp is here dis¬ 
tinguished by its straight or rigid aj:)pearance, as well 
as by the difference in contraction in the tw8 sets of 
threads. 

Particulars. 


1. Description and weave of cloth.Bleached damask 5- 

thread $ateen weave, 
ground and figure. 

2. Weight of square of .Sin side (0 sq. in.).=K.55 grains. 

- , 14.55 X .‘i()in. X 3fiin. ^ _ 

3 . Persq.yd. - ^^ 3 ,^ - ....=4./!)oz. 

4. Total threads of warp .=17^ 

5. ,, ,, weft .=103 

6 . Threads per inch of warp. 

7. „ weft .=54i 

8 . Length of warp threads ..=77mm. 

9. ,, weft ,, .=82 „ t 

10. Weight of warp 7.-18 grains ] 0*03 grains ... =7*51 grains. 

11. ,, weft 7«01 gra ns f-0.03 grains.... =7.04 ,, 

^ ^ 178 thds. X 3iu. x 77 X 7,000 X 72 , 

12 . Countofwarpj^ ^ jj,(,=33-621casper 

Los., in pound, 

birachiiig. 

^ ^ , 3 .^ 103 thds. X 3in. X 82 x-7,000 X 72 

13. Count of weft 3 X 3(iin. X 70 X 7 -04 X 100=P? 

Loss in pound, 

bleaching. 

14. Sett of reed in porter scale x82~x~40 ’ * portar. 

80 • I ' 

15. Width in reed for 72in. finished cloth 72 x = 77*68 (say 

77in.) 

16. Picks per inch in loom ..=56 nearly. 


As a matter of fact, the above cloth was woven through 
a 50 porter reed, 2 threads per split, with 32’s^ lea^warp 
apd 35’s lea weft. * 

Example LXV .—Analysis of a single warp cotton 
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canvas, made 5rom 6-fokl warp and 9-fold weft, each 
losing saj? 5 per cent, in bleaching. Fig. 17 illustrates 
the fabric, which is interesting on account of the 
excessive contraction of the warp as compared with 
that of the weft. This is a feature which is characteristic 
of all h%avy canvases (flax and cotton), and which 
serves to distinguish the warp from the weft. 


Particulars. 


1. Description and weave of cloth.Bleached cotton can- 

* vas, plain weave. 

2. Weight of square of Sin. side (9 sq. in.).=67*52 grains. 

d. „ per square yard 9 sq. in. x 437 ^ —-^-*— 02 . 

4. Total tllreads of warp .=93 

6 . „ ,, weft .=73 

6 . Threads per inch of warp .=31 

7. „ weft.=241 

8 . Length of warp threads ..=98mm. 

• 9. • ,, weft ,, .=80 ,, 

10. Weight of warp 34*95 grains-f-0*25 grains . . =.35*20 grains. 

11. „ weft 32*05 +0*27 ..=32*32 „ 

12. Count of warp— 

93 thrds. X 3in. X 98 X 7,000 X95 _ u 10 / 

84^ds. X 3Cin. X 76 X 35-2 X 100=2-25 x 6fold = 13.50 (^y 
^ Lossm 6/14 s). 

bleaching. 

13. Count of weft— 


73 threads x 3in. x 80 x 7,000 x 95 , . , 4 , 0 / 

»5byds.“^>ih: x'76 x 32*32 x 100“ ^ ® 

• Loss In u/ias;. 

* bleaching. 


14. Sett of reed in splits per inch-;y— g,. = 14*7 (say 15 splits per 

^ ° in., 2 thds. per split). 

* * 80 

15. Width in reed for 24in. cloth 24 x .=26Jin. 

fc. Picks per inch in loom = probably 24 per inch, since the 
cloth is only lightly finished. 

Example LXVI .—^Analysis of a fancy cotton skirting 
as Tepresented photographically in Fig. 18. Unlike 
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the majority of striped fabrics, the stripes in this cloth, 
as well as in some well-known types of heavV shirting, 
are produced by the weft. There is in general some 
peculiar feature which enables one to determine the 
warp way of such fabrics ; but in a few cases this matter 
is difficult to decide. In this particular insttince the 
warp is indicated by the fact that it is 3-fold, while the 










Fig. 18. 

weft is a soft single yarn, quite unsuitable for the strain 
to which the warp is subjected. The full weft pattern 
contains only six colours, but due to the order in which 
these are arranged, a 12-chamber revolviEg box is 
n?,c.essB.Ty, unless the changing mechanism is made to 
skip two or more boxes. r 
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Particulars. 

1. Descrip**on and weave 01 fabric... .Fancy striped cotton 

skirting, plain weave. 

2. Weight of square of Sin. side (9 sq. in.).=21 grains. 

_ , 21grs. X SOin. X 36in. „ 

3 . „ per square yard 9 x4371 

4. Total threads of warp .= 104 

5. ,, „ weft .=463 

6. Threads per inch of warp.= 34f 

7. ,, „ weft.=154j 

8. Length of warp threads .=78mm. 

9. ,, weft .=84 ,, 

•10. Weight of warp 3-85 grains4-0e05 grains.... =3*90 grains. 

11. „ weft 17*02 ,, +0*08 .=17*10 „ 

^ ^ 104 threads X 3in. X 78 X 7,000 , 

12. Count of warp ^ (say 

^ 3/60’s cotton). 

13. Count of weft— 


840 yds. X 36in. x 76 x i 
463 threads x Sin. x 84 x 7,000 x 95 


= 19*74 (say 

20 ’s), 


840 yds. X 36in. x 76 x 17* 10 x lOO. 

Loss in 
dyeing. 

14 £7 aa X J 104 threads X 76 oo/ i/* l a ■ u 

u. sett of reed 3 x. threads x84=l®-8« 

15. Width in reed for 36in. cloth 36in. Xy^ .. = 39*8 (say 40in.) 

16. Picks per inch in loom .= 156, or 39 per Jin.) 

No allowance has been made for dyeing in the warp 

calculation, it being assumed that such loss would be 
counterbalanced by the contraction in length due to 
twisting. 












CHAPTER X. 

t 

Yarn Diameters and their Structural Values. 

T he analysis of jute and linen fabrics, qr, indeed, of 
any similar cloth, should present but few difficulties, 
if some method similar to those which have been indicated 
is adopted. All the elements of the cloth«are before 
the analyst in a more or less concrete form, and he should 
be able, provided a reasonable amount of care is exercised, 
to obtain results which^are practically correct. 

The aim of analysis is, of course, to enable cne to 
supply the particulars necessary for the reproduction 
of the fabric ; but, in cases where the weight and set of 
the cloth are supplied, a detailed analysis is unnecessary, 
the desired particulars being, obtained by a simple 
experimental calculation. At other times, however, no 
such guide would be given, but merely a request made 
for a similar fabric in perhaps a finer or a coarsei set. 
In such a case, an analysis of the fabric is undoubtedly 
valuable as a guide to its general structure; but the 
problem before the manufacturer is then more one of 
synthesis than of analysis. We are aware that it is most 
unusual in practice to find any attention given to 
mathematical rules for cloth structure, expenmesit being 

I"' 

‘ generally adopted in preference to calculation. We do not 
suggest that experiment should be discarded enthely— 
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in fact, it canndt be dispensed with—^but we feel confi¬ 
dent thatlll more attention were given to those theoreti¬ 
cal rules of cloth structure which are already fairly well 
known, much useless and wasteful experimenting would 
be avoided. 

A littl^thought will show that the chief items affecting 
cloth structure from a theoretical point of view are : 
Firstly, the thickness of the yarns employed, and the 
•intersections which they form in producing the cloth ; 
secondly, b\it none the less important, the facts that 
yarn is no^ incompressible, and that in weaving it is 
deflected out of a straight line. 

Regarding the thickness of the yarns employed, it 
has been shown in an earlier portion of this work that 
the count of any yarn is determined by the relation of 
its length to its weight, a definition in which only one 
dimension of its volume is considered. Now, while 
yarns are by no means uniform, they jiet possess a more 
or less circular form, and a cross section of any thread 
at any point, therefore, resembles a circle with its 
dimensions of area and diameter. Now the sectional 
area of a cylindrical body multiplied by its length gives 
its cubical contents ; therefore, since 

* TT 

• . =area of a circle, 

TT 

X ^ X I = cubical contents of any thread, 

wher® d is the average diameter and I the length of the 
y^m. This is true no matter of what fibre the yarn is 
composed. Now, let us suppose that this volume 

TT* • 

X ^ X I weighs lib., and let us take a second volum® 
of yam whose length is precisely the same as the first. 
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t 

but whose weight is exactly^ double, H.e., 21bs. The 
diameter of the latter yarn will naturally fee greater 
and the cubical contents or volume of such yarn may 

TT 

be represented by D'^xjx/. The following relation 
then holds between the two yarns :— 

>2Ibs.yam 

or 11b. : 21bs. = d-: D- 

* 

—i.e., the weights of any two yarns vary directly as 
the squares of their diameters (if their densities are 
assumed to be equal), and, conversely, the diameters 
of any two yarns vary directly as the square roots of 
their weights. This is, pf course, true of all yarns, and • 
may be applied directly to those systems of counting 
where the lengtl] is fixed and the weight varies, since 
for such yarns the weight and the count are synonymous 
terms. For those yarns, however, which are numbered 
according to a constant weight and a varying length, 
an alteration is necessary. Thus the lea counts of 11b. 
and of 21bs. yarn (jute and flax system) are 48 lea and 
24 lea respectively, i.e., the lighter yarn has the higher 

f c 

number and the smaller diameter. Therefdre^ for lea 
and cotton yarns, and for all others of analogous systems 
of counting, the counts are inversely proportional to 
the squares of their diameters. Thus— 

(B) 48’s : 24’s =D*' ; dK 

The above are the most convenient expressions to 
\is^, unless the numbers representing the weights or 
the counts of both yarns are complete squares*. In 
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such cases it easier to extract the square root from 
each term! The whole may be summed up as follows :— 
Let W and w =the heavier and the lighter weights of 
yarn, 

C and c = the higher and the lower counts of yarn, 
D afid d = the greater and the lesser diameter of 
j^arn. 

Then (system A) w : W ^ d': D-, 
or, Vw : \/W = : D, 

where the Ibngth of the yarn is fixed, and the weight 
varies as in the flax and the jute systems. 

For (system B), 

• c :C d- : D’, 

or \/c : y^C — d : D, 

where the weight is fixed, and the length varies as in 
cotton, woollen, and worsted, cwid in sj)un silk yarns. 

• Tlie above, however, simply shows the relation 
between the various counts and thdr diameters ; it 
gives us no idea of the actual values of the latter. The 
relative diameters are nevertheless quite sufficient for 
the purpose of making several simple but generally 
hyi)othetical changes in cloth structure when certain 
data are given. For example, it may be found that a 
i)lbs. jute warp gives a satisfactory plain cloth in a 12- 
porter reed, and the question asked ; What reed should 
be used with 161bs. warp to give a cloth similar in 
structure ? .This phrase, “ similar in structure,” demands 
some explanation, although it is somewhat difficult to 
define. For cases, however, where the weaves are to 
.^emaiif thffsame it may be defined as “ the preservation 
of the spacing of the warp and the weft threads in exacl 
pro^Jortion to their diameters.” In the example 
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suggested, the sett of the w^rp is 12tporter x = 
approximately 13 threads per inch of 91bs. yatn ; there¬ 
fore the centres of each pair of contiguous warp threads 
are ^yn. apart. But, since a 161bs. thread is heavier and 
has a greater diameter than a 91bs. thread, the distance 
between these centres must be greater if a similar struc¬ 
ture is to be preserved. The correct distance apart for a 
161bs. yam will be :— 

9 : 16 = (3:Vr : 

r 

or, 3 : 4 = 

4 4 1 

3a; = ig, or X = 3 X i 3 = 9 . 75 ^”*» nearly ^yn. apart; 

ft 

hence 9*75 threads per inch x f7) = 9-porter reed 
required. 

It is unnecessary, however, to calculate the exact 
number of threads per inch, for : x is simply a ratio, 
and ratios are unaltered when multiplied or divided 
by any number; consequently we may use the porter 
or any other method of stating the sett of the reed 
directly. In the above example the threads were 
spaced apart nf T^in. 

9 : 16 = (yV)' : x\ 
or 3 : 4 = yV • 

3 X = yVj or X = ^ 

— i.e., the centres of the adjacent threadst of the new 
cloth should be ^ of f ^in. apart; therefore the porfgr 
of the required reed is 9. The answer in the above 
expression—I.e., is the reciprocal of the porter; 

* r . . 1 

if, therefore, we change x' into its reciprocal—i.^., 
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—^we shall obtain the porter direct. Thus : 

9 9 AT*' 

16 “ 1 ’ 16 ■ 12 

— i.e., 16 : 9 = 12® : 

4 : 3 = 12 : x\ 

whence x — 9-porter, as before. 

This is*the usual and best form of stating the relation. 
•We therefore have the following rule for such changes 
for system 4- 

Rule XXVII.—^The count (pounds per spjmdle) of 
the yarn in the required cloth is to the count in the given 
cloth as the given reed or sett squared is to the required 
reed or sett squared. 

Rule XXVIII.—Similarly for system B we have : 
The lea count in the given cloth is to the lea count in 
,the required cloth as the given reed or sett squared is 
to the required reed or sett squared. , 

For example, 20’s lea warp is found to give a satis¬ 
factory plain cloth in a 700’s reed, 40in. scale, and 
it is required to find a suitable count to give a cloth of 
similar structure, but for a 10"° reed 
700® : 1,000® =20\x. 

10 X 10 X 20 

• ^ — 7x7 

= 41 nearly, or say, 40’s lea warp. 
Questions affecting the weft may be treated in exactly 
the same manner. 

* We think it is necessary at this stage to draw atten¬ 
tion i(9 thtf fact that while the above changes nominally 
preserve the structure of the fabric, the weight of the cJoA 
is ihaterially altered, being made lighter or heavier 
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according as the cloth becomes finer 'or coarser, 
the first example the relative weights of the cllths are 



91bs. X 12-porter : 161bs. x 9-porter = 108 : 144, 
being an increase of or J in weight, whilst in the 
second example the relative weights are approximately : 


700 
20 lea 


1,000 

40 lea 


= 35 : 25, 


c 


being a decrease of or | in weight. 

This latter portion brings us naturally to the next* 
simple change, viz., that of increasing or decreasing 
the weight of the fabric without change of weave, or 
alteration of the balance or structure of the cloth. In 


this connection it may be affirmed that only*one maxi¬ 
mum and SD-called perfectly balanced plain cloth can 
be made from a given yarn, and that, were it decided 
to effect any desired increase in weight by a proportionate 
increase in the weight of the yarns alone, the attcSnpts 
would most probably end in failure, for the increased 
diameter of the warp and the weft would resist the 
insertion of the requisite number of weft threads per 
inch. From the above two examples it will be seen that 
the ratio of the weights of the two cloths, which is 3 : 4 
in the former example, and 5 : 7 in the latter, is directly 
proportional to the square roots of the weights of*the 
two yarns, and therefore to their diameters,* but is 
inversely proportional to the reed setts. Consequently, 
if the theoretical structure of the fabric is to 1^ preserved, 
any increase of weight must be effected by reducing the 
sett, and by increasing the diameter of the yam in 
proportionate the weights of the two fabtics*^ and, 
ftoi^versely, a decrease in the weight should be effected 
by increasing the sett, and by reducing the diarfteter 
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of the yam ifl proportion to the respective weights. 

Suppo^ that a 36-porter plain flax sheeting is made 
from 2ilbs. warp and weft, and weighs 7oz. per square 
yard, and that it is desired to make one to weigh 9oz. 
per square yard. The relative weights are 7 to 9. 
The ree(? sett should be reduced in these proportions :— 
^ .•. 9 : 7 = 36 : X ; 

whence x = 28-porter, and the yarn diameter should 
be increased in the proportion— 

7:9= V2|: 

•or V: 9^ = 2^ : a; ; 

whence x = 4^§, or practically 41bs. yarn as the nearest. 
In dealing with lea yarns it is necessary to remember 
that increasing the count is reducing the weight, and 
that for this reason the proportions must be applied 
inversely. Thus, it may be cFesired to produce a cloth 
one-eleventh lighter than that made by 40’s lea yarn 
in a lO**" reed. The proportions are*evidcntly 11 : 10, 
and the reed should be increased in these ])roportions :— 
uf .*. 10: 11 = 10"": 11"" reed. 

In order to obtain a reduced diameter, the yarn 
number should also be increased in the proportion— 

^ 10 : 11 = \/40’s : \i^x, 

• or 10-: IP = 40’s :x; 

whence a: =48*4, say 50’s lea; or 45’s lea warp and 

50’s lea weft. 

• • 

There is still another phase of these structural 
alterations, viz., that of changing the weave of the cloth 
^and art thfe same time preserving a similar fabric struc¬ 
ture. This may be performed in two ways : (IJ By 
retaining the original yarns and changing the sett; 
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or (2) by retaining the original sett arid changing the 
yarns. In either way it is the diameter o# the yarn 
which is the controlling factor. 

In order to produce cloth by weaving, the warp and 
the weft must intersect, and in the plain weave 
this intersecting is at a maximum, since evlry warp 
thread interweaves with the weft each pick, and each 
weft thread passes over and under alternate warp threads. 
In a cloth of this character, therefore, with 30 warp* 
threads per inch, there are also 30 intersections of weft 
per inch, giving a total of 60 thicknesses qf yarn per 
inch across the cloth ; consequently, if the cloth has 
30 picks per inch, there are also 60 thicknesses per 
inch lengthwise. If now a second weave be introduced, 
say the three-leaf twill in which a warp thread 
remains up for two pv:ks, intersects with the weft 
between the second and third picks, and again coirfes up» 
between the third* and first picks, it is obvious that the 
cloth so produced, if woven in the same sett, and with 
the same size of yarns as the plain cloth, is considerably 
looser in build or structure. In the plain weave there 
are three intersections for every three picks, while in 
the three-leaf twill weave there are only two. It will 
thus be seen that in the jilain weave, and in sinflple 
twills, the threads, plus the intersections,* sdrve to 
indicate the approximate relative values of these weaves 
from a structural point of view. For purpt^es of ^com¬ 
parison the number of threads must be the L.C.M. of 
the two weaves. Thus, given the above two weaves 
(plain and three-leaf twill), the L.C.M. is 6. • • ^ ^ 

• .'.^6 threads -f 6 intersections — 12 units as the 
relative value of the plain weave; and 6 threads + 
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4 intersections • = 10 units as the relative value of the 
twill weal’e. In order, therefore, to make up for this 
reduced structural value of the ^ twill, the threads of 
warp and of weft should be placed closer together, or 
their diameters increased in proportion to such reduction. 
Thus^ 

10 : 12 = 30 : a;, 

whence iP = 36 threads per inch for the ^ twill; or, 
if the original yam were 14’s lea, then to increase the 
diameter mi^ans reducing the count. 

^ .-.6:5 = A^U: a/x, 

or 6'^ : 5® =14 : x 

•whence x = 9^, say, lO’s lea yarn. 

Such is, in brigf, an explanation of the commonly- 
accepted rules applicable to cloth structure. They 
are valuable as a means of changing from one known 
cloth to another, and are practically independent of 
the actual diameter of the yarn; i)ut their value is 
undoubtedly enhanced when it becomes possible to 
use them in conjunction with the actual diameter of 
the yarn. There is, however, a slight inaccuracy in the 
above theory of intersections, which we shall refer to 
later. 

Many different methods have been suggested and 
tried for* the purpose of determining the diameter of 
yarns, but from the nature of the material it is impossible 
to expect more than an approximately accurate result. 
Yarn is not incompressible; it cannot, therefore, be 
measured by micrometer screw gauges. It is not spun 
perfecptly ‘uniform, and therefore gives unsatisfactory 
results with a microscopic micrometer. Diff^remt 
de^ees of twist are applied to yarns of the same count, 
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therefore different diameters will result." The absolute 
density of any fibre can, of course, be easily obtained 
by displacement, by weighing in air and water; 
but absolute density is valueless when employed for 
the purpose of calculating diameters, as all allowance 
for air space in the yarn must be purely arbift-ary. If 
might also be imagined that the density of a jute cr 
linen warp when heavily pressed and dressecf, as on a 
loom beam, would be nearly equal to the density of the * 
yarn ; but so far as we have been able to*investigate, 
such Ls not the case. In such a condition the average 
density seems to vary between 0*5 and 0*6, whereas for 
diameter jmrposes we are satisfied that if? must lie 
somewhere between 0*75 and 0*85 for jute and linen 
yarns. These figures or densities we have found in 
several hydraulicqjressed yarn bales, and the yarn 
diameters which correspond to such densities are •con-* 
firmed by actual maximum cloths. 

If it is assumed that the density of jute in the yarn 
comlition is 0*80, then the diameter of any thread may 
be calculated. In general, we have :— 

d- y. --X I = cubic inches in lib., where I is the length 

in inches of lib. of yarn, and d is the diamf tej:. • 

Also, = number of cubic inches in lib. 

62*51bs. xO-8 

at above density. 


• *' I 1,728 

"'=62T5iro-.-8 

> 

•xm j. 1,728 X 4 

Hftnce d- = - — 

62*5 x0*8 x/x*" 
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j.) I38*24 


* =v 


138.24 


X count 


14,400 yds. x 36in. x tt 

m 

_ Vcoun^ 

Applying a particular case, say, for 91bs. yarn, it is 
seen that 

^ ^ *,r ^ 14,400 X 36in. _ 1,728 

^4 ^ • 91b. 62-5 X 0-8* 


d'^ = 


4 X 9 X 1,728 


3.1416 X 14,400 X 36 x 62.5 x 0.8 


1 


Hence d — 


1,309' 
1 

36' 


Or applying the previous result for d, we have 


»= y/count ^ Vs 
108 . 108 


3 

108' 


= as before. 
36 


By assuming 0*84 as the density for linen yarns, 
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and adopting a precisely similar calculation, we may 
obtain the diameters of linen yarns. Thus 


d- y. ~ y. I = cubic inches in lib. 
4 

1,728 _ 

62.51bs. X 0.84 



1,728 X 4 

62*5 X 0*84 X / X TT 



1,728 X 4 _ •_ 

62*5 X 6.84 X 3.1416 x 300 x 36in. x count. 



_ 1 _ 

257 X count. 




d = 


16 xy count. 

—5.g., the diameter of 25’s lea yarn is 


1 

16 X V25 

Jl 

16 x5 


=-Q— of an inch. 

oU 


These results enable one to obtain the diameter 
quickly—^indeed, in many cases a sufficiently accurate 
result may be obtained mentally. The reciprotals of 
tlje diameters may be found by extracting the square 
root^of the yards per pound, and deducting 10 per cent. 
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for jute and 7^ per cent, for linen. The following 

*> 

tables ha'Ce been calculated in this manner :— 


Count. 

Square Root of Yards 

Per Pound, 

Minus 10 Per Cent. 

Count. 

1 

Square Root of Yards 

Per Pound, 

Minus 7i Per Cent. 

Lb. 

0 

Lea. 


2 

76.5 

1 

16.0 

2i 

68.5 

2 

22.5 

3 

62-5 

3 

28.0 

H 

57.5 

4 

32.0 

4 

54.0 

6 

39.0 

5 

' 48.5 

8 

45.0 

6 

, 44.0 

9 

48.0 

7 

41.0 

10 

50.5 

8 

38.0 

12 

55.5 

9 

• 36.0 

mSm 

60.0 

10 

34.0 

■9 

61-0 

12 

31.0 

mm 

68.0 

14 

29.0 

20 

71.5 

16 

27.0 

24 

78.5 

18 

25.5 

25 

80.0 

20 

24.0 

28 

85.0 

24 

22.0 

30 

88.0 

30 

20.0 

32 

90.5 

48 

15.5 

35 

94.5 

— 

—- 

40 

101.5 

— 

— 

45 

107.5 

—■ 

— 

48 

111.0 

— 

— 

50 

113.5 


— 

55 

119.0 


1 _ 

60 

124.0 

— 

— 

65 

129.0 

— 

— 

70 

134.0 


* 

75 

139.0 

— 


80 

143.0 

.1 - 

— 

90 

152.0 

C 

J - 

o 

100 

160.0 


j —- —" --- - ■ - - 

We have made no investigations concerning the 


densities of the other fibres in the yarn condition, but, 
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if we take the late Mr. Ashenhurst’s mTO.surements for 
granted, the approximate diameters may be olf tained by 
similar simple formulae. Thus :— 

Diameter of woollen skein = — 7 -——- 

13-5 Vcount. 

1 » 

21-3 Vcount. 

_ 1 • 

26*2 Vcount. 


Diameter of worsted 
Diameter of cotton 



CHAPTER XI. 

The Structure of Fabrics. 

o 

W HEN the diameters of yams composed of any kind 
of fil^rehave been determined to a moderate degree 
of accuracy, it is possible, to a certain extent, to utilise 
this information scientifically in the building-up of 
fabrics. It must, ^f course, be understood that such 
diameters refer generally to the measurements of yams 
• in their normal condition of t^wist—that is, with the 
©rdinary number of turns per inch. They must, there¬ 
fore, not be taken as applying to yarns,in all conditions, 
since a variation of twist will naturally have an influence 
upon the diameter of the thread. 

We are well aware that manufacturers and designers 
do not, except on very rare occasions, seek to apply 
mathematical rules in the structure of their cloths. 
Indeed, the natural and almost universal demand for 
cheap labirics almost precludes any such proceeding. 
Still, with a fair approximation of the diameter of any 
given yam, it is possible, and sometimes desirable, to 
determine the maximum number of threads and picks 
p«: inch which can be woven into a cloth under given 
weave tonditions. Having once determined this maxi- 
mum number, it is evident that any smaller quantity 
may,* within reasonable limits, be inserted according 

M 
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to the necessities of the case. Cheap*cloths may, of 
course, be produced in many different wajfe—e.g., by 
imitating a given cloth with inferior yarns of the same 
fibre, or in yarns of a different and cheaper fibre; by 
retaining the yarns and reducing the sett; or by substi¬ 
tuting a finer count in the same or in a coarsef sett, &c. 
Without in any way expressing an opinion on the merits 
or demerits of these methods from a business point of 
view, it is sufficient to know that they are resorted to'^ 
for cheapness, and they therefore serve to .demonstrate 
the fact that mathematical rules are unnecessary for 
cloth structure except in very special cases. Such rules 
are nevertheless valuable, and on several- occasions 
within our own knowledge the theorftical rules of cloth 
structure have been applied in practice with satisfactory 
results. In what follows, therefore, our chief object 
will be to show that it is possible to determine to a 
high degree of ^ accuracy the maximum number of 
threads and picks which it is desirable to put into a 
fabric under given yarn and weave conditions. 

In all previous works with which we are familiar, the 
structure of the cloth has been treated as if it were the 
interlacing of a series of perfectly flexible, but incom¬ 
pressible, threads, or rather wires, which, throughout 

f 

the weaving process, retained inviolate a* perfectly 
circular and incompressible form. When yarns are 
newly spun, the outline of a cross section of a thread 
undoubtedly approximates closely to that of a circle; 
but, besides being flexible, it must be remembered tlfet 
since yarn is compressible its sectional form is most 
imstable, and is willing and ready to adapt itself & 
almost any new shape. Consequently, instead* of 
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considering tlie question as a series of parallel lines 
intersecting a series of circles, consideration must be 
given to the sectional form which the yarn is likely to 
assume when in the cloth. There are, of course, rare 
occasions, such as in art canvas for embroidery purposes, 
and in straining cloths, where it is desirable to preserve 
the circular form or wire-like appearance of the thread, 
but in by far the greater proportion of fabrics it is not 
considered desirable to do so. 

In cloths of the plain weave there are what might be 
termed t\^o extremes of fabric structure, viz., those 
cloths with a maximum number of warp threads, in 
which the weft threads lie almost perfectly straight, 
while the warp threads do all the bending; and those 
of the opposite extreme, with weft at a maximum and 
doing all the bending, while 'the warp lies practically 
straight. There is also an infinite number of conditions 
between these. We shall now proceed, however, to 
consider more particularly the case of the first extreme, 
or that in which the warp predominates to such an 
extent that the weft is compelled to take an almost 
perfectly straight course in the cloth. The warp threads 
in these fabrics, where two or more fold, are usually 
•slightly ^ofter twisted than the normal, with a view to 
facilitate their spreading on the surface of the fabric, 
and to enable them to yield more easily to pressure at 
the points of intersection of the weft. In this, however, 
^ in all other cases, unless specially mentioned otherwise, 
we shall assume that the yarns are single, and that they 
4 )ossess the regular amount of twist. ^ 

Figs. 19 and 20 show respectively weft and ^^arp 
sections of such cloths, in which the weft threads are 
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« 

marked P and the warp threads «T, while both ^re alike 
in diameter. These views have been generally regarded 
as correct representations of .such sections, and have 
the centres of all the weft threads P in the 
same horizontal plane X Y. If such conditions 
obtained, the estimation of the maximum number 
of picks per inch would be an easy matter, for 



the distance between each pair of •‘weft threads is 
clearly the length of the line D C. Consequently we 


should have == maximum picks per inch, w'here p = 

the diameter of the weft, and t =the diameter of the 
warp. Thus, if weft and warp were of equal diameter, 
say 4 ‘oin., then 


^ , f-= y~ = 20 picks per inch maximum. 

4(5 + 40 ^75 

Now we think it is perfectly obvious that an ordinary 


o C) Q—, 

1 - \ 

O U U 

^ « « 

Fig. 20. 

« 

warp thread, under the strain to which it is subjected 
in weaving if maximum cloth, is incapable of retliining* 
the Sectional form indicated at T in Fig. 20. Wl^en 
passing oyer and under the weft P, no lateral support 
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is given to the warp threads ; each one is, therefore, at 
perfect liberty to expand towards the selvages. It is 
certain that such expansion does occur, and it is due to 
the general resistance df the weft to the combined 
tensiled an compressive strain 01 the warp. Conse¬ 
quently, instead of the sectional form of the thread 

Y 

F G. 21 . 

remaining that of a circle, as at T in Fig. 20, it becomes 
more or Hess elliptical, as indicated at T in Fig. 22. The 
weft threads P ire displaced or corrugated in a greater 
or less degree, and we have endeavoured to show correct 
representations of such wefiT and warp sections respec¬ 
tively in Figs. 21 and 22, with a plan of the cloth in 
Fig. 23. Where the warp intersects with the weft (as 
at G in Figs. 19 and 21) the case is somewhat different. 
If we assume that the diameter of the warp is ifVn., 




and that it has been set in the reed at exactly 40 threads 
per inclf, then we may assume that, when the warp 
• crosses the weft as at G, every warp thread is touching 
its q^ighJjour on both sides. Now, any pressure exerted 
on the weft as a result of beating up will also be exerted 
Ob these warp threads. But pressure on the warp in 
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one direction, or in the length of the piece, would pro¬ 
duce in these threads a tendency to expand ^kt right 
angles— i.e., across the cloth. This tendency to expand 
is, however, met by an equal and opposite resistance on 
the part of every thread, consequently at the points of 
intersection we get a simple alteration of the sl^ctional 
form of the warp thread from a circle to that of a 
rectangle. 

Now, although the density of the fibre at this part 
is not exactly uniform, it is practically at its‘maximum 
for yarns. If, therefore, we assume this statd as being 
absolutely correct, the sectional area of the rectangle 
will be the same as that of the circle. But the longer 
side D of this rectangle must be the sanle as the diameter 
of the circle (for the 40 threads per inch of warp take up 
all the space in the width Of the cloth), while the shorter 
side may be represented by d. 

tl 

Now, in this case, the area of the rectangle =the area 
of the circle. 

Dx(i=D'x’!’ orii=Dx'- 
4 4 

We therefore see that, with a warp set in such a 
manner, the value of the thickness of the warp at the 
point of intersection G, as a factor for determiiiiijg the ' 

maximum number of picks per inch, may be only or 

0*7854 time its original diameter. * * 

While the weft of such fabrics is subjected to a con-* 
siderable amqunt of pressure, and a slight displacement 
resraljs, we think that, due to the manner in which it 
is encircled and supported by the warp, it may •!)e 
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considered as Vetaining ^its original cross section and 
diameter.^ 

In addition to the question of the actual or effective 
thickness of the threads themselves, there is also the 
question of their disposition to be considered. In the 
present ilistance the displacement of the weft P (Fig. 22) 
from the perfectly horizontal line is very slight; still, 
it is sufficient to modify the result in the cloth both from 
' the theoretical and the practical points of view. In 
Fig. 21 the*centres of successive weft threads are not in 
the same horizontal plane X Y, but are displaced equally 



Fig. 23. 

above and below this central line of the piece, in this 

instance to the extent of about 10°. Now while the 

• 

distance 1) C from centre to centre of any two successive 
picks is still the effective diameter of warp plus the 

effective diameter of the weft, this line is not now in 

• • 

the same horizontal plane as that of the piece, with the 
result that the horizontal distance between each pair of 
weft threads is reduced. This allows of a slight increase 
in the number of picks per inch. In other words, an 
the •triangle C D E, the line D C is the distance from 
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centre to centre of two successive pickfe, while the line 
D E is their distance apart in the horizontal plane of 
the piece. 


DE 


But =cosine C D E, or cos. D, which has been 


found by measurement to be 10°, and the \;osine of 
10° =0.9848. 


D E =D C X0*9848, or, picks per inch, 
_ 1 

~ D C xO.9848’ , 


But in the present case D C =diametert of weft + 
(diameter of warp x0-7854), therefore the actual picks 

per inch « 

^_ 1 _,_ 

[dia. of weft + (dia. of warp x0-7854)] x0-9848’ 


Given that the Avarp^and the weft are again equal 
in diameter, say ^fjjin., or 0.025in., then * « 

[0''025+ (0-()25T07864)] x0-98i8 =22'75 picks per inch, 

an increase of nearly three picks per inch, or about 13 
per cent., when allowance is made for the compression 
of the warp, and for the deflection of the weft from the 
straight line. 

Since in these cloths the cosine of the angle D i^ for 
all practical purposes equal to unity, it may be neglected 

entirely, and the simple formula —used for the 

maximum number of picks where the threads per irtfch 
is the reciprocal of the diameter of the yam, 

« 

» 'fhere are, however, cloths of this tyi>e and weave in 
which the number of warp threads per inch exceeds 
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the reciprocal at the diameter of the yarn, and we should 
like to ncftice at least two sets of circumstances in which 
this might occur. It is quite clear that, if the number 
of warp threads per inch be increased beyond the 
reciprocal of the diameter, the thickness of the warp 
thread ^ross the cloth and at the points of intersection 
of the weft would be reduced in a corresponding degree, 
and that* in consequence a greater resistance would be 

* offered to the beating-up of the weft. 

A corresponding reduction of the picks per inch would 
also take* place, provided the density of the yarn 
remains unaltered. At first sight there appears to be 
no theoretical limit to this increase of the number of 
warp threads beyond the reciprocal of the diameter, 
although it must naturally coincide with the limit of 
compressibility of the yarn.. We consider that the 

' practical limit should be reached when the number of 

,, , . , , the reciprocal of the diameter 

threads per inch equals-- —q 7354 - 

— i.e., when the section of the warp thread at the point 
of intersection with the weft is again a rectangle, but 
with its longer side now running in the direction of the 
length of the piece, and its shorter side across the piece. 

^ In* this case the thickness of warp between any two 
succe^ive picks would be exactly its circular diameter, 
and the distance from centre to centre of such picks 
or t]^e len|jth of the line D C of the triangle referred to 
would be exactly the diameter of the warp + the dia¬ 
meter of the weft. The picks i^er inch in such circuni- 
stancfs wbuld therefore be :— 

• 

_1___^ ..j 

(diameter of warp-hdiameter ol weft) x0*9848 
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« 

deflection of the weft were a^ain 10°, hnd this would 
differ very little from the previous case. ^ 


There may be a number of cases between each 
extreme, but the mean extreme is reached when the 
cross section of the warp at the points of intersection 
indicated is a square, or when the number of threads 
per inch of warp = ^ 

reciproca l of diameter, reciprocal of diameter 


r 


4 

If we further assume that the diameter of the weft 
is constant, then the picks per inch in such cases would 


be 


_ 1 _ * 

[(dia. of warp X0*886)+dia. of weft] xO*9848* 


Since this type of plain cloth is undoubtedly that 
in which the greatest quantity of yarn can be placed— 
that is, the greatest aggregate number of warp threads* 
plus weft threads*per square inch—let us now calculate' 
the total number possible under the three conditions 
indicated. 

For case No. 1, in which the number of warp threads 
per inch is exactly the reciprocal of the diameter, we 
shall assume that the warp and the weft are alike, viz., 
91bs. jute, the diameter of which is :— 

Ids' “108“36 

and that the deflection of the weft from th^ hori»Dntal 
is 10°. The warp sett is obviously 36 threads per incjj, 
and the picks per inch will be :— 

"r'i 7l VT =20*5. 

L36 \36 ^ ^ V J ^ ^ 
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But 36 warp threads plus 20*5 weft threads per inch 
=56-5 thleads per square inch as the maximum 
number of threads of 91bs. yarn which can be put into 
a cloth with the plain weave and arranged on the 
lines indicated. 

In case^o. 2, where the sett of the warp is 

the reciprocal of the diameter, , „ , ,, 

-^“*0^854- assume a cloth 

5f the flax canvas type, made from 61bs. flax warp and 
161bs. flax weft. The diameter of 61bs. flax yarn = 
1 

16 ’' y48~45‘ 


^ = iin., and the diameter of 161bs. flax yarn 


A X —A = Ain.* the deflection of the weft from the 

■lu . / 4o 


V 


16 


norizojptal to be only 5°, since* the weft is so much 
heavier than the warp. Cos. D in this case is 
0*996, a figure which is almost negligible. From 
our assumption, the threads per inch of warp will be 
45 

^ygg^-=57*3, and the picks per inch, since the warp 
is compressed across the cloth, will be -p: -- 

, • ( 45 "^28/ 

= 17-31T .'. 57*3 threads of warp+ 17*3 threads of 

weft =74*6 threads per square inch. 

For«case JJo. 3, where the warp sett is the 

reciprocal of diameter , ^ . 1 r 1 -i 

-, let us take for both warp and 


0-886 

JL • 


11 . 

—-Q^in., 


^wft a 25-lea yarn with a diameter of ~80 

and let the deflection of the weft be 10°. The maximum 
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« 


w 

number of warp threads per^ inch will be 


80 


0/886 


=90*3, 


and the picks per inch, since the warp is compressed 
equally in both directions at the points of intersection, 

1 


will be 


[(dia. of warp x0.886)4-dia. of weft]*x0*9848 


[(0.0125 x0.886j+ 0*0125] xO.9848 “ P®*" 

inch. 90 threads warp + 43 threads weft = 133 threads 

per square inch, and similarly with yarns of other 

% 

counts. 

In the above three cases we have entieavoured to 
show the maximum number which it is possible to 
obtain with the .assumed yarn and weave conditions— 
that is, with the warp packed as closely together as is 
possible or desirable ; with the weft practically straight 
and the warp doing all the bending, causing tl\e wa^p 
contraction to be at a maximum and the contraction 
in width at a minimum. We think that it will also have 
been observed that in such conditions the diameter of 
the weft has no influence whatever on the sett of the 
warp. 


From the foregoing it will be observed that the so- 
called “ angle of curvature ” has not been mentioned . 
in connection with the calculation of the pi(?ks«per inch. * 
It is the angle of deflection of the weft threads themselves 
from the horizontal plane which determines the base of • 
the triangle, and therefore the horizontal Sistance 
between each pair of weft threads. It is quite true fhat 
the picks jier inch could be found by taking tljp base of 
^the triangle formed by this angle of curvature, ftut 
when these angles approach 45°, as in the abovek bases, 
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0. 

a slight error of judgment in the angle itself leads to 
0 ^ 

unsatisfactoi^ results. On the other hand, when the 
calculation is made to depend upon the angle of deflec¬ 
tion of the weft, a small error in estimating such angles 
jnakes very little difference in the result. 

By reversing all the above conditions— i.e., by 
reducing the warp sett—and by increasing the weft 
sett or picks per inch until they equal the former warp 
sett, we still preserve a maximum cloth, but in this case 
the warp wduld be practically straight, with con¬ 
traction in length at a minimum, while the weft would 
do all the bending and contraction in width would be 
at a maximum. Figs. 21 and 22 may be taken as 
representing such conditions if we consider the former 
as a section through the warp, and the latter as a section 
through the weft. Now between these two extremes 
if is ot?vious that there may be innumerable stages which 
it is impossible to define, a fact which accounts for our 
previous remarks concerning the application of mathe¬ 
matical rules to cloth structure in general. One or two 
general features of the change are, however, very clear 
—viz., that in reducing the number of warp threads 
their necessity for extreme bending is reduced, since 
the weft is permitted to bend more, and that increased 
bending’of the weft with a reduced bending of the warp 
increases the possible number of weft threads per inch. 
When.jthis qjiange has reached its mean— i.e.y when warp 
and weft (alike in count) have become equal in number— 
and when the bending or deflection of each from the 
t'^y'aighfline*is the same value, we have what is commonly 
termed a perfectly balanced plain clotK. ^ y 

In*Figs. 19 and 21 the warp threads T are represented 
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as bending over and under the weft fhreads P, but in 
such a cloth there is a second series of wftrp threads, ^ 
which partly encircles the weft threads on the sides 
opposite to those shown in the diagrams. The two 
sets of warp threads inclose the weft threads, conse-« 
quently the fabric is composed of three thi<5cnesses of 
yam, the upper and the lower surfaces being made 
entirely of warp, while a layer of weft lies between them. 

In the so-called perfectly-balanced plain cloth, however, 



both surfaces of the fabric are composed equally of warp 
and of weft; that is, equal portions of both sets of 
threads appear both in the highest and in the lowesijt 
planes of the cloth. Since the weave caused every 
thread of the warp, and every pick of the weft, to assume 
these positions alternately in equal pojtions^ any 
section through the weft (or through the warp) will 
show that any two adjacent picks of weft (or threads of 
warp) appear on opposite surfaces of the fa'bricf ^ 
« P, P', P" in Fig. 24 are the sections of three successive 
picks in a maximum plain cloth intended to be of this 
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character, where both warp and weft threads are of the 
same con^it. The centres of these three picks are 
represented as being in the same horizontal plane, but, 
by hypothesis, alternate picks should appear in the 
upper and in the lower planes respectively. Supposing 
picks P^nd remain in the lower plane, then the 
highest point of P' must be raised to the level of the 
highest p6int of the warp thread T. X X' represents 
"this level, and ZZ' is drawn parallel to, and at a distance 

p 

2 under, XX' (P equals the diameter of the weft); then 

the centre of the pick P', when the latter is in its true 
position, must lie on this line ZZ' in order that its 
highest point may be on the same level as the highest 
point of the thread T. With D as centre and D F as 
radius the arc V W is described. The point C, where 
this arc cuts the line ZZ', is the position required, and 
the pick P' is shown in its new position by a dotted 
circle. 

Since each curve is part of a perfect circle and the 
line D C is normal to all, D G and H C are each equal to 
the radius of the weft P, while G H equals the diameter 
of the warp T. D C is therefore equal to the diameter 
of ^he warp T plus the diameter of the weft P; since 
dn this^c^e the diameters are equal, it follows that D C 
is equal to twice thfe diameter of either yarn. Therefore, 
CE T _ T 
o o CD “T + P"2t“^ 

'Diat is, sine C D E = ^, .•. angle C D E = 30°. 

D E ~ 

Also ' = cos. C D E = cos. 30°. 

0 • CD 

D E = C D X cos. 30° (T + P) x 0*866 

S ^ 2P X 0*866 1*732 P. or 1*732 f. 



l80 THE STRUCTURE OF FABRICS. 

Without considering the angle, the same result may 
be obtained as follows :— 


DW=CD^ - CE2= (T + V)--T 

= T= + 2 T P + P2 - P = 2 T P + P* 


= 3 P-* DE = V3’xP = 1*732 P, oi;1.732T. 


In other words, while the distance from D to C is the 
diameter of the warp plus the diameter of ‘the weft, 
the distance D E— i.c., the effective or horizontal distance < 
from centre to centre of any two adjacent ^threads—is 
only \/3 times the diameter P, or 0*866^ times the 
distance D C. Hence the setting— i.e., the number of 
threads per inch (or the number of picks, per inch) 
for fabrics of this character, where tl^e yarns are prac¬ 
tically equal—is found by the formula :— 


DE “ (T + P) X 0-866 ~ j. 732 p ^ ^ , 

equal. 

Reciprocal of diameter of T 
1 - 7 ^ • 


= Reciprocal of T x 0-577. 

What has hitherto, theoretically at least, been con¬ 
sidered as the proper distribution of threads and picks 
for this class of fabric is illustrated in Fig. 25. The 
triangle C D E is of exactly the same dimensioifs 4s that 
in Fig. 24, and so also are the triangles JED and J K D; 
therefore the average angle formed by the curvature of 
the warp— i.e., angle J E D or angle J K D—^is also one 
of 30°. If this theoretical condition were fulfilled, eacli 
angle would i^emain equal to 30°, but this wouldibe to 
a^p^me again that the yarn is incompressible and stable* 
in its circular form. • * 
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The term “ perfectly balanced cloth ” may be appro¬ 
priately ^.ven to all those fabrics in which the sections 
through the warp and the weft are identical, but it is 
usual to consider the term as applying particularly to 
those sections which possess a wire-like structure 
shown irf Fig. 25. There are cases where this ideal state 
is approached, but in no case is it actually reached. If, 
however, such a fabric were possible, an examination of 
‘a plan of the cloth would show a large proportion of 
unoccupied* space between the threads and the picks. 



In practice, however, the threads and picks flatten out 
into a more or less ribbon-like form, and fill up every 
available crevice in the cloth. These contentions are 
clearly illustrated in Figs. 26 and 27, whieh show respec¬ 
tively plans of the theoretical and of the actual cloth, 
with corresponding warp and weft sections. While the 
sections in the former figure have been drawn by the 
method already described as giving the maximum 
number of threads and picks, yet a glance at the plan 
produced Irom these sections shows clearly that such a 
(Jloth would be very open indeed, and quite unlike what 
plain cloths usually appear. As a matter of fact, the 
^pace between each pair of threads or picks in this fig^e 
is •nearly as great as the diameter of the yam itself— 

N 
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the actual measurements in the drawing being in the 
proportion of 42 per cent, space to 58 per cent. yam. 



Still, in spite of this apparently anomalous stafe of 
things, the figure represents the correct method of 
determining the maximum number of threads and picks 



Fig. 27. 
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which it is desirable to put into a balanced plain cloth 
with equal counts of warp and weft. 

It has already been stated, and also illustrated in 
Fig. 27, that, due to the strain of weaving, both threads 
flatten aut into a ribbon-like form, with a more or less 
elliptical cross-section. It might be imagined that such 
a flattening of the thread, while filling up the open 
• spaces between the threads, might also permit of the 
latter being “ sett ” closer together. Instead of this 
being the case, the tendency is rather the other way. 



Fig. 28. 


for immediately the threads lose the circular form and 
begin to assume that of an ellipse, there is less space 
available at the points of intersection between two 
adjacent threads or picks than is necessary for the 
passagg of the reduced thickness of the interweaving 
weft or warp yam. ‘ The explanation of this is indicated 
in Fig. 28. In the transition from circles to ellipses the 
centrft of ftvery pair of adjoining threads approach the 
central horizontal line of the cloth (not shown in the 
figure) ^ the distance between these centres is therefore 
‘gradually decreasing. In addition, the distance C M 
or J) N in the horizontal ellipse is always greater tlSan 
the radius of the circle; in the position shown each is 
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even greater than the minor axis of the ellipse—that is, 
greater than C E. By calculation, C E = 0*^P, where 
P^= the diameter of the dotted circle, and CD *= 1-83 
P; but since C M and D N are each appreciably greater 
than C E, it follows that N M must be appreciably less 
than 0.63 P, and consequently not greater than the 
minor axis of the ellipse. This is quite evidejit in the 
figure, where the dotted circles and curves indicate the ^ 
theoretical condition of things, while the ellipses and 
the curves in full lines indicate approximately the 
conditions in the cloth. Ellipses P were carefully con¬ 
structed to give exactly the same area as the circles; 
the major axis was taken slightly less than the distance 
D fi, the minor axis calculated, and the thickness of the 
warp thread T arranged to correspond with the minor 
axes of the ellipses. It is obvious that at the points of 
intersections G, which are even less than the line N M, 
the space allowed for the interweaving thread is less than 
the minor axis of the ellipse, and that if the conditions 
indicated are to continue, the thread must be more or 
less compressed at these points. Evidence of the fact 
that such compression does occur may be obtained by 
anyone who cares to examine closely threads wl^ich 
have been carefully withdrawn from a cloth pL this* 
character. 

Another feature of the change worth noting is that 
while in the theoretical condition the angle of deflection 
of the weft, as well as the angle of curvature of the warp, 
is one of 30°, in the new or actual condition this angle is 
considerabfy reduced, and is found both by calculation * 
ana by measurement to be one of about 19°. NotwUh- 
. standing these changes we still think that the setting of 
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cloths of this‘character should be calculated from the 

<■» 

formula-^*- 


0.866 (T + P) 1.732 

Thus^ given a linen warp and linen weft of 36*s lea 


reci proc al of diameter^ 


with a diameter of i x ^^ ^ ~ 


16 36 

inch, the yam setting would be 

1 1 


96 


48 


0 * 868 (^ + ^) 0.866 

= approximately 66 threads per inch of warp and weft; 
or, given a 91bs. jute yarn with a diameter of x \/9 
3 1 * 

= = gg of an inch, then the proper yam setting 


would be 


36 

1.7'32 


= 21 threads per inch of warp and 


weft. 


In view of the importance of this branch of the 
subject, particulars are appended of the analysis of a 
fetv linen fabrics of this class which have been taken at 
Tanddmt but which appear to approach the maximum 
condition. They serve to show how closely theory and 
practice coincide in this respect. A comparison of the 
column giving the average threads per inch with the last 
column, which gives the maximum number advisable 
^ accortiingHo theory, shows a close approximation between 
the two. In only one instance—viz.. No. 2—^is the a^al 
ntftnber of threads per inch in excess of the theoretical 




i86 


THE STRJCJCTURE OF FABRICS. 

♦« 

number, all the other values being aboht 4 per cent, 
under. ^ •*' 


- Analyses. 



Wort. 

56 

42-6 

20*8 

23-6 



« £ 
^ ^ 


63 

61-5 

38-6 

44-5 


50 

42-6 

19 

25-5 


64-6 

60 

40-4 


In cases where there is only a slight diiferen^ between 
the counts of the warp and the weft ygrn, a sufficiently 
accurate and practical method is to take the average 
of the two and work from this basis ; this is sufficiently 
illustrated in the above table. But where there is a • 
great difference between the counts of the warp and, 
weft, and where it is still desired to approach the 
structure of a balanced fabric, it is essential that the 
warp and the weft sections—^so far as the determination 
of the threads and the picks per inch is concerned—be 
treated independently as two separate structures. 

Figs. 29 and 30 show respectively weft and wa1:p . 
sections of such a fabric, and, for purposes of illustfatioiT 
only, the diameters of the yarns have been taken in the 
ratio of 2 to 1, or in a ratio of 4 to 1 in the actual we^hts 
of the yarn. Were such a difference attempted in 
practice, the yarns would probably be unable to assume 
the relations, indicated in the figure—i.e., th^ relations 

ft 

whjt^h hold in balanced cloths. In order, however, to 
more clearly illustrate the different dimensions, iff Is 
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necessary to exaggerate the difference in the diameters 
of the 3%rns; but it must be clearly understood that 
this is done purely for demonstration purposes. Both 
figures have been constructed on the same general 
principle as that explained in connection with Fig. 24. 
In Fig.* 29, D C = T + P = diameter of warp + 
diameter of weft. 

CE It and DE^ = DO~CE^ .-. D E = 

VD e- C E=-' = 

' v'(T + Pf-T“ = 

v'FTTTP. 


Wx 



The picks per inch for such a fabric made from 81bs. 
jute warp, with a diameter of of an inch, and 16lbs. 
jute weft, with a diameter of of an inch, would be— 


•• 




1 

VP^2"TP 


1 




X 


1 

27 



^ = y'SOl = 17*3 picks per inch. 

613 


In Fig. 30 D C again = T + P, but CE = P and 

DE=-v/K'-CE- = 

V(T + P)*~-P = 

VT*+2TP. 
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The threads per inch of warp would be * 
1 • 1 




V —~ + 

1,444 513 


~ = \/379 = 19.4 threads per inch. 


In Fig. 29 the average direction of the warp js shown 
by the hypotenuse of the triangle J K L, the angle K 
of which is usually termed the angle of curvature; 
but it must be clearly understood that this triangle has 
no connection whatever with the triangle C D E upon 
which the above calculations are based, although the 



Fig. 30. 

base in each case is necessarily of the same value. To 
find the angle C D E, it is evident from the construction 
that 

^ or sine C D E = ' 

‘ • • 

angle C D E =19° 28'—^say, 19|°. 

For angle J K L the total height M N = T + P, 

but M L and N J are each equal to ; .•.]!.=?. 

Also K L in the same figure, being the distancji befweep 
two successive picks, is equal to D E ; . ' 

KL = DE-VP+FTR 
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But Tan^ KL = 


JL . _ P 

KL VP“+2TP 


2T 

V4 P+4P 


since P = 2T 


2T^ ^ 2 

TV8 " >v/8' ~\/2 


0-707]; 


angle J K L = 35° 16'. 

The values of the angles thus found refer to those in 
the figure, where P = 2T. For the corresponding 
values in any other case it is only necessary to introduce 
the proper*diameters of the component yarns. 

Figs. 29, and 30 might be used to indicate respectively 
warp and weft actions of a cloth where the warp is 
twice the diameter of the weft, but the procedure would 
be identical with that already gone through, with, of 
^ course, the necessary alterations in the values of the 
warp and the weft. ^ 

• The usual method of obtaining the number of threads 
and picks when changing from a plain to a twilled cloth 
has already been referred to. This method is applicable 
only to those cases where there is a practical identity 
in the counts of the warp and weft yarns, and, moreover, 
,it*is based upon the assumption that the intersections 

aSre of^ the same value as the thickness of the threads 

* 

themselves as regards the horizontal plane of the piece. 
Sinc^sucI^ assumption is only true for those cases where 
one set of threads (either warp or weft) lies perfectly 
straight, it is evident that this commonly accepted 
jntersflctioh theory is limited in its application to these 
cases alone, and is further confined to such of these i3«it 
Jha'sfe waip ancj we^t oj approximately equal counts. 
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It is not applicable to the so-,called balanced fabrics. 
This theory states that for an equal number flS threads 
in each cloth (conveniently taken as the L.C.M. of one 
repeat each of the two weaves), threads + intersections 
in required weave : threads + intersections in given 
weave = threads per inch in given cloth: threads per 
inch in required cloth. 

Thus, supposing it is required to apply the above in a 
change from a plain cloth with 8 threads per inch to 
a ^ twill cloth, then :— * 

o 


(6+2): (6 + 6) =8:x 
i.e., 8 : 12 = 8 : x 

Whence a; == 12. 

« 

This is quite true numerically, but if the values for the 
threads as well as for their intersections are introduced, 
as shown at X and Y (Fig. 31), and an equal diameter, 
D is assumed for warp and weft, then :— 

(6 thds. + 2 intersections of twill): (6 thds. + 6 inter¬ 
sections of plain) should equal 8 : 12; 


i.e., (4 D+2 D) : (6 x y'.S D) should equal 
12(4D + 2 v'rD) 
48D+24y'rD 
48 D 
2D 

i,0,, 2 ,, 


8 : 12 

8 (6xy'3"D) 

48 D 

24 

* 

1-732 


—^which is impossible. 

9 * 

A more conclusive proof is perhaps supplied by the 
diagrams themselves, where X shows 8 threads and the 
corresponding intersections of the plain weave, und Y 
feh^vs 12 threads and the necessary intersections of 
the twill. According to the intersection theory,•fhe 
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space occupied by the latter should b6 equivalent to 
the space occupied by the former. These #tiiagrams, 
which were drawn with extreme care, clearly show 
that such is not the case. According to simple geo¬ 
metrical construction, the 12 threads of the twill weave 
plus their intersections occupy a considerably greater 
space than do the 8 threads and 8 intersections of the 
plain. If this comparison is reduced to figures, and 
unity assumed as the diameter of warp and weft, it* is ‘ 
found that • 

K 

In X, space occupied by 8 thds. in plain weave =* 8 D. 

=8 X 1.732 
= 13.866. 

In Y. 12 „ ^ twill =^8 D + 4 ^3D. 

= 8+4x1.732. 

= 14.928. 

Due to the foregoing‘considerations it is advisable, 
and much simpler, to treat each case separately from 
first principles, add in the first instance the case of the 
three-leaf twill will be considered. As shown iii 
Fig. 32, one complete round of the weave consists of 
three picks of weft and two intersections of the same 
warp thread (or vice versa if the figure is considered 
as a warp section), the total space occupied bjing 
indicated by S. Clearly this space S consists yf P +• 
2\/P- + 2 T P, where P and T are the diameters of the 
weft and warp respectively. Since there are three picks 
in the round, it follows that the average space occupied 
by each pick is * 

p+2y/w+rrp 

^ 3 

w 

that the picks per inch for a maximum balanced 
cloth should be :— * * 
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. * ^ • a 

P + 2VPH 2TP P + 2v'PH2TP 

3 


A section through the warp would give a sinniilai* 
result, \pth the difference that T and P would change 
places; the threads per inch would therefore equal:— 

• 3 

T + 2VPT^PT 

These two expressions may be applied to any counts 
or diameters of yarns, provided such yarns are capable 
of being arranged as in the figure; but, as already 
suggested with reference to plain fabrics, the difference 
between the counts of the yarns should not be excessive, 
otherwise such yarns would be incapable of assuming 
the curvature and deflection consistent with the produc¬ 
tion^ of a balanced cloth. In* the simplest case of the 
above three-leaf twill— i.e., where P = T, the expression 
for threads as well as for picks per iftch is :— 

3 33 

T + 2 VT'^+TTP T + 2 T + 2 T = 


3 3 

T{1+ VS)' “ 4^4T ^ ^ reaprocal of dia¬ 


meter. 


Applying the above for the sake of example to a linen 
warp and weft of 22 leas, and a diameter equal to 
1 ® 5 1 . 

« “ 76 “-’ ^ =- 


’4-464 X 
. 75 


3 X 75 
4.464 


=50-4 threads and picks per inch; 


or, 0*672 X 75 = 50*4 tlireads and picks per inch. 
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It is desired again to poinl^ out tha*t this formula 
should, in general, only be applied to cloths* in which 
the warp and weft appear on the surface in equal 
quantities, and to approximately equal counts of warp 
and weft. The cloths made in the three-leaf twills 
are not in general balanced cloths. Ticking, for example, 
has almost invariably either a thicker warp than weft 
or more threads per inch than picks per inch. If, 
however, the respective numbers of threads and picks 
as well as the counts, are approximately ^qual, then 
the formula may be used with safety. The* figures in 
the foregoing example of 22 leas are partly confirmed 
by the following analysis of a three-leaf tickfng, which 
approximates to the above conditions.* It contains 50 
warp and 52 weft threads per inch, the respective 
counts being 20’s and 25^8 lea, or an average of 22*5 
leas and an average of 51 threads per inch. 

Similar remarks *may be applied to the yarn setting, 
of three-leaf twilled jute fabrics, which, however, are 
generally composed of light warp and heavy weft. 
This arrangement is sufficient to cause them to be classed 
among those cloths where the warj) does all the bending 
and the weft lies practically straight. In such a csBe 
the warp setting for a maximum cloth may be, asf ah'eadji 
indicated for plain fabrics of this character, 


Reciprocal of diameter 

Assuming a 91bs. warp with a diameter of -^^^in., 

then' ' * 

^ oT 7854 threads per inch; 
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'■*0 


or, 


4d threads x 37in. 


= 14 porter 


6 throgids per split x 20 splits per porter 
reed with three double threads per split. 

This also is confirmed by practice. The maximum 
picks per inch for such a fabric would be 

2 (T + P) + P ’“ 2T + 3P ’^ ’’y ^ 

If it i9 assumed that the above is a 91bs. warp and 
a 36lbs. weft, the latter with a diameter of then 
3 3 3 108 , 

—i-T “ 2—3 “T “"s” 

^^36’^^ ^18 M'^i'8 36 



Fig. 33. 


In the previous example of 3-leaf twilled jute sacking, 
and in all other similar examples where the setting 
^of^the warp equals or exceeds the reciprocal of the 
diame'tef of the yarn, it is evident that the whole width 
of the fabric, from selvage to selvage, is filled with 
warj) yarn. Consequently these cloths do not show 
any open spaces, however few the picks per inch. In 
the theorectical balanced twill cloths, however, as in 
similar plain fabrics, the intereection of the weft with 
the warp causes a number of rectangular spaces thro»jgh 
which light can penetrate. In all other balanced 
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fabrics these rectangular spaces diminish in proportion 
to the flattening of the threads and picks, till i^ltimately 
•they disappear entirely. 


The two extreme conditions are shown clearly in 
Figs. 34 and 35, the former illustrating a plan and two 



Fig. 34. 

• 

sections of the theoretical cloth twill, while* the* 
latter figure contains corresponding views of the actual 
cloth. • 

In considering this weave from a structural point of 
view it is evident that the space S, Fig. 36, which one 
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repeat of the® weajs^e occupies, is equal to2P + 
2v/P'‘+2jT P, where F and T represent the diameters of 

t 

the weft and the warp. Since there are four picks in 
each repeat of the weave the average space occupied 
by each pick is 

*2P + 2v'F+2TP_ P+\/P+2T P 
4 2 

m 

The maximum number of picks per inch for such a 
fabric should therefore be 

e 1 _2 

P+VP'+2 TP P + VP + 2 TP 
"2 

and the maximum number of threads per inch 

2 

- T + VT=* + 2Pr 

For the simplest case—where the warp and the 
weft are equal in diameter—we have 

2 2 2 2 
T + V3T-~T+-v/ 3T “T(l+V3) ■ 2.732 T 
= 0*732 X reciprocal of diameter. 



^ X 0-732 = 24-88, 

saji 25 threads and picks per inch. In a sample of *his 
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character which was woven with 26 threads per inch of 
10 *21bs. per spyndle warp, considerable difficj^lty was 
experienced in obtaining from 23 to 24 picH’ per inch 
of lOlbs. weft, a fact which proves that the maximum 
condition was reached for this particular cloth. 

The foregoing examples of ^ and twilis show 
that so far as a balanced fabric is concerned, any regular 
twill may be treated in a similar manner. Thiis, in the 
6 -thread regular twill the total space S, Fig. 37, 
occupied by one repeat of the weave, equals 4 D + 2 
>v/3 X D, assuming for simplicity that the warp and 
the weft are equal in diameter. The procedure is, as 
has already been shown, equally applicable to fabrics with 
warp and weft of different diameters, provided the 
yarns are capable of distributing themselves according 
to the conditions of a balanced cloth. 

The average space occupied by each thread or pick 

in the above ^ twiU is and the threads 

or picks per inch equals 

6 3 3 _ 3 

4 D + 2 ”2 D + V3 D “ D (2 + V3) *3-732 D 

= 0-804 X reciprocal of D. 

A further example of a fancy twill complete 

on 12 threads or picks is shown in Fig. 38. Here it is 
evident that S = 6 D -f 6 V3 D. The average space 

for each thread or pick therefore equals 

and the threads or picks per inch equals 

12 2 2 * 

6 D + 6 ~ D + D ~ D (1 + v'S) “XtSO) ' 

= 0-732 X reciprocal of D. < 
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It will be observed from the foregoing that it is 
unnecessary to draw any diagram in order t^^'iind the 
number of threads or picks per inch. The numerator 
of the fraction (previous to cancelling) always indicates 
the number of threads or picks in one repeat of the 
weave ; the first, portion of the denominator‘is D x 
(threads minus intersections in one repeat), while the 
second portion of the denominator is ->/3 D x the number 
of intersections. Thus in the 10-thread twill the 
numerator should be 10, while the denominator should 
be D X (10—4) = 6 D, and 4 \/3 D or 6 D -H 4 \/3 D. 

It is easily seen that there are four intersections, for 
the weave is divided into four portions. The expression 
for this weave is therefore :— - 

10 5 5 5 

6 D + 4 “3 D + 2V3 D “ D (3-i-2-v/3) “6*464 D 

= 0*773 X reciprocal of D. 

Again, in the w’eave -V\^ there are for the maximum' 
number of threads or picks :— 

14_7 _ _ ___7 _ 

8 D-j-6>^3 D 4D-j-3,^3 D D (4-|-3 /y/3) 9*196 D 

0*761 X reciprocal of D. 

• e 

In concluding this portion of our work, it is desiredf 
to point out that while the methods of calculation 
enunciated above are applicable in principle to all 
classes of balanced structures in plain or in reg^dar twills, 
they will probably be found to be of most value wh^ 
applied to those fabrics where the warp and the weft 
are virtually equal in count and diameter. In several 
instances it has been endeavoured to show how to 

e 

calculate the numbers for maximum cloths of a ndn- 
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balanced structure, but in this class there is such a 
• variety«Qf possible cases that it is impossible to reduce 
them to any general formula which would be of any 
practical value. In certain classes of unbalanced 
fabrics— e.g., linen damask, where the weave is such 
that tfie warp offers little resistance to the insertion 
of the ^weft—the picks per inch in many qualities 
regularly exceed the threads per inch by 50 per cent. 
Experience shows that in such cases the picks per inch 
•may approach the reciprocal of the diameter of the 
weft yam, but care should be taken not to attempt to 
exceed this number, for in most instances an unsatis¬ 
factory doth would probably result. 
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PRE88 NOTICE8. 

Textile Manufacturer. —" The book deals with nearly every class of 
weaving, and will be found quite as useful to a cotton or worsted 
student as to one whose work Ues amongst jute and linen, whilst those 
associated with the silk trade will find that very few types of n^chines 

which interest them have been omitted.The work oan,. 

not only be classed as a text book, but as a useful boo^ of^reference. 

. . . It is pleasing to note that the authors write about the^ and 

other machines as if they had had a practical acquaintance with them, 
and their treatment can be at once distinguished from those who sq^ 
freely rush into print with very little knowledge. . . #The book 

may be saiduto excel as regards mechanical detail. . . . There are 
220 illustrations, which are admirably drawn and systematically 
lettered so as to be very easily followed in detail.” 

The Textile Recorder.—” There are special points* whiuh are no^ 
referred to in any ordinary book on weaving. . . . The chaflter 
devoted to picking is certainly an important one, and the subject has 
been very dearly dealt with by the authors in a different maimer to, . 
that which we have generally seen. One feature of the book Vhich. 




be much appreciated by students is the great number of illustra¬ 
tions it contains. ... It' has merits and a special application 
which should make 4t use^^ to those who are connected with jute or 
linen weaving." . , . 

T%0 Irish “Rlsflle Journal.—" This is the first occasion on which we 
« have seen anything like ju'stice done to the subject.’’ . . 

Dundee Advertiser.—" valuable work of nearly 400 pages, in 
which ’ J ute and Linen Weaving : Mechanism' is treated with great 
perspicuity and conciseness. . . . Over 220 well-executed draw- 

ikigs illustrat.^ the text, and an excellent index renders reference easy 
to the multifarious details of looms and their adjimcts. . . . It is 
to be hoped that this work will attain the success it deserves." 

The Courier.—" Such a book as that now under notice is obviously 
of neat value to Dundee. ... By means of minute observation 
and carefully prepared illustrations a vast quantity of most interesting 
*facto has been presented. . . . The utmost care has been exercised 
to bring the student up to date in his knowledge of the almost perfect 
machinery noy employed in jute manufactures.” . . . 

Dunfermline Press.—" The work is compiled with an amount of care 
that almost amounts to fastidiousness, while the practical knowledge 
displayed throughout imparts a feeling of entire reliance on the con¬ 
clusions of the authors. The work is severely technical, and strictly 
limited to the domailL of the mechamShi of weaving, all historical, 
social, or domestic illustrations being entirely excluded from the scope 
•and purpose of the book. . . . We cordially recommend the work, 
not only as a practical and industrial treatise, but as a work marked by 
^cipabiliVf-fliiid purpose.” ® 

Dunfermline Journal.—" it is fitted to help both teachers and 
stuU^nts. . . . Through their twenty ghapters the authors are 

remarkSt^ly succ^sful in combining lucidity with thoroughness.” . . 

Ifilasgow Herald^" The authors’style is lucid, and their descriptions 
of the mechapsm^d methods used in the different processes will be 
very helpful Jto the student and to those engaged practically in the 
industry. . \ The treatment is comprehensive, ai^^ some 
parts on fresh lines. . . . The volume is profusely illustrated 

with sectional diagrams of the mechanisms described.” . . . 

• Sco’bman.—" it provides a detailed and clearly set out exposition of 
the intri^te mechanical business of this manufacture. . . . and, 

in a^ord, iJ*a skilled and instructive treatise on the mechanism of this 
industry, always informed by practical knowledge of the machines 
^ and their process^, and as complete as anyone who needs books upon 
the subject could wish. It is a substantial and important addition to 
technics literature.” , 

’Pextjle Worid Recerd.—" The work is (Arefully written by men who 
are evidently thoroughly informed in the subject. It is profusely 
illustratq^, and typographically all that could be desired.” 

* •Technics.—"This is certaiidy the meet comprehensive work yet 
published on the mechanism used in jute and linen weaving. While 
it will prove of the greatest value to those engaged in the jute ard linen 
' f tradts, yet many portions will be of interest to all engaged in the 
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